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All engines, all 
uction of pow- 


sun. Usually, 

sun motor we have in mind a device which.operates 
directly by/the action of \sun light. Many attempts 
to construct such devices have been made and various 
schemes haye been tried, concave mirrors have been 
focused on' steam boilers, thermocouples have been 
arranged to convert the sun’s heat into electricity, 
photochemical reactions have been experimented with, 
all with varying degrees of small success, but none 
of them of sufficient promise to warrant experimenta- 
tion on a commercial scale. 

The little sun motor shown here is perhaps little 
more efficient than its predecessors but it is interesting 
because it operates upon principles quite different from 
those heretofore used. It consists of an ordinary direct 
current motor operating directly on current supplied 
by a new photoelectric cell recently developed in the 
General Electric Research laboratories in Schenectady. 

The motor is a tiny affair, rated at only four ten 
millionths of a horsepower. In direct sunlight it oper- 
ates at about 400 r.p.m. but even the light of a 75 watt 
incandescent lamp at a distance of eight inches runs 
the motor at good speed. The photocells are of the 
selenium type far more sensitive, however, than the 
usual type for commercial and experimental service. 

It is not to be inferred that 
the development of this device is 
going to revolutionize the power 
industry and engineers of power 
plants will not have to worry 
about their jobs on its account. 
But it is an interesting scientific 
toy and who knows but that some 
day somebody will make a more 
efficient cell. With this cell some 
20 sq. ft. of surface is necessary 
to produce one watt. 

Though our fuel supply is am- 
ple for a long time to come and 
though no one in this nor the suc- 
ceeding generations need worry 
about it, it will not last forever 
and the time will come when it 
will be necessary to look to an- 
other. source of supply for our 
power. Direct sunshine offers one 
possibility. If all the energy of 
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the sun’s rays could be converted into electricity, the 
sunshine falling on two counties in Texas could supply 
the power for the entire United States, continuously. 
However, as we stated before it will be a long time 
before sun power becomes a practical reality so in 
the meantime we will continue to present information 
on the operation of present day power plants. We 
haven’t space to discuss all the articles in this issue 
but we do want to call particular attention to the 
series of articles on Combustion Control which is start- 
ing in this issue. This series will present a clear dis- 
cussion of the principles, operation and application 
of modern systems of combustion control which should 
be of value and interest to every power plant operator. 
Today combustion control systems are available in 
many forms and are applicable not only in the large 
central station but in the small and medium size plant 
and low and medium pressure plant as well. In these 
articles we will describe in great detail how combus- 
tion control systems operate—how each piece of equip- 
ment works and how it is coordinated with other com- 
ponent of the system. The series will start with a con- 
sideration of the simplest types of damper regulators 
and then gradually proceed to the more complex and 
complete combustion control systems now in use. 
Diesel power, too, is important, and, as a means of 
lowering power costs and improving service, one 
author in the issue suggests a Diesel Engine Users 
Association, patterned after the one in England. 


Dr. C. W. Hewlett of the G. E. Research Laboratory with the new 
sun driven electric motor 
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WITH THE EDITORS 


The President Follows Our Lead in 
National Power Policies 


SINCE THE beginning of the century, Power Plant 
Engineering has championed more efficient generation, 
distribution and utilization of power. As the utility 
systems grew and the advantages of electricity became 
known, it was apparent that to serve the nation as a 
whole to the best advantage the utilities and industries 
would have to be drawn together in spite of their ap- 
parently divergent aims and needs. 

Constantly increasing use of electricity has led to 
an insistent need for closer codperation between in- 
dustrial and utility plants, clearly set forth in an 
excellent presentation of the case by Guy B. Randall 
in an article (June 1, 1932, issue of Power Plant En- 
gineering, p. 449), ‘‘The Pooling of Power—A Chal- 
lenge to the Utilities.’’ 

Mr. Randall said: ‘‘Pooling of Power . . . compre- 
hends the interconnection of every electric load in the 
country regardless of the nature of ownership... 
electric stations of all kinds would be interconnected 


. . . One could pour electricity in at one side of the 
pool while removing an equal quantity at the opposite 
side of the pool without having the input traverse the 
pool. 


‘‘For control purposes the pool would be divided 


into districts or blocks . . . The pool might be owned 
by the nation-at-large like our system of concrete high- 
ways (toll roads which were tried out a century ago 
did not work so well), by various companies like our 
railroads, or by one company like our telephone sys- 
tem. Regardless of ownership, the essential requisite 
of the pool idea is flexibility or fluidity.’’ 


The essentials as given above are elaborated in the 
original article and the advantages and difficulties cov- 
ered in detail. In the December 1933 issue, page 508, 
George A. Orrok in an article, ‘‘The Economics of 
Power Generation”’ presents details of an arrangement 
of this kind now working in Belgium and incorporat- 
ing an aggregate of 500,000 kw. under one load dis- 
patcher. 

Mr. Orrok’s studies lead him to the following con- 
clusion: ‘‘In this country the policy is commended 
because of the reduction of capital expenditure, very 
little consideration being given to efficiency because 
the utilities already lead the world in low fuel con- 
sumption as is shown by the reduction in the average 
use of fuel by the utilities from 3 lb. in 1920 to 1.51 


lb. per kw-hr. in 1932. But much stress is being laid - 


at the present time upon the larger amounts of by- 
product power available with the use of the higher 
steam pressures in new plants where process steam 
is the main consideration. The ‘planned economy’ of 
1933 and the ‘New Deal’ all lead to coordination and 
combination as opposed to individual operation, and 
the act creating the Tennessee Valley Authority is 
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based, among other things, on the codrdination of 
power.’’ 

In advocating such an arrangement, President 
Roosevelt has given public recognition to the engineer- 
ing policies as advocated by Power Plant Engineering 
over a peroid of many years. The ownership of such 
common carrier transmission lines involves grave ques- 
tions of a political nature but the economic and socio- 
logical needs are so fundamental that interference with 
the final accomplishment should not be tolerated. 

The nation at large demands not only a transmis- 
sion system obligated to supply power as cheaply as 
is economically sound to those who have use for it and 
to purchase at reasonable rates surplus power from 
those willing to supply it, but the extension of such 
transmission facilities to parts of the country which at 
present might not justify such extensions economically. 
Such plans we believe can best be consummated by 
utilizing such private power companies as are now in 
the field or may enter it, working under the central 
authority of a suitable Federal commission with pos- 
sibly Federal financial aid to extend transmission facil- 
ities. Such an arrangement would expedite considera- 
tion of the plan and should involve a minimum of 
political interference yet take advantage of the experi- 
ence and facilities of private power companies in this 
work. 

Regardless of real or fancied wrongs which have 
ensued from holding companies, the electrical develop- 
ment of this country has been due to the unaided and 
untiring efforts of the operating electrical utility com- 
panies over a period of fifty years. It is possible for a 


‘government to penalize without conscience those com- 


panies for their foresight, initiative and perseverance 
and to rob those who have invested in good faith of the 
fruits of two generations of labor and development 
but, regardless of the moral issue involved, it cannot 
afford to disregard the experience and honest efforts 
that these companies could build into any national 
power development. 


“Two most important results can be accomplished by 
development of the national pool ef power: Operation 
of generating plants to best advantage, so that all 
hydraulic power which can economically be developed 
will be utilized, and only so much fuel-driven plant 
as is needed will be operated, loaded to point of good 
efficiency while in operation. Decentralization of in- 
dustry so that great centers of manufacturing will not 
be further congested and factories can be so located 
that workers can live in better surroundings, with air, 
light and land for partial subsistence gardens. These 


results, also the rendering of rural life fuller and more 


efficient, are essential reasons why Power Plant Engi- 
neering has advocated such a national power policy. 
But this clearly does not necessitate or imply govern- 
ment ownership and operation of generating plants or 
transmission systems either as a competitive threat 
or a social policy. 
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Colgate-Palmolive-Peet Co. 


Power and Steam Provided by New 425 
lb. Plant with One Boiler and Turbine. 
Old Engine Generators Kept as Standby 


By GOSTA ANBRO 


Colgate-Palmolive-Peet Co., Jersey City, N. J. 


ARLY LAST YEAR the Colgate-Palmolive- 

Peet Co. decided to shift some production 

from other plants to their Jeffersonville, 

Ind., plant, making it necessary to provide 

additional power and steam generating 

capacity. The old power plant generated steam at two 

pressures: 150 lb. ga. steam for process work and 

power plant. auxiliaries; 125 lb. ga. steam for process 

work, engine generators and minor steam drives 

around the plant. All steam drives and engines ex- 

hausted at 5 lb. ga., the exhaust being used for process 
work, feed water heating and building heating. 

When the plant was built, this layout gave a good 

average heat balance with a slight excess of exhaust 


The new boiler utilizes the height of the boiler room 


Fig. 1. 
to the fullest extent 
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in the summer and some deficiency in the winter. 
Later developments in production methods have re- 
sulted in considerable waste of exhaust steam all year 
round. 

In considering additional equipment it was found 
that the exhaust waste could be eliminated if power 
were generated with an admission pressure of 200 to 
250 lb. However, it is probable that in the near future 
the demand for power will increase without corre- 
sponding increase in process steam demand. To pro- 
vide for this it was decided to raise the steam pressure 
for the new equipment as high as practicable. 

Limiting factors were the desire to retain chemical 
feed water treatment and avoid make-up evaporators 
and the fact that a plant of this size cannot afford 
highly trained operators. The pressure was set at 
about 400 lb. at which pressure it became possible 
to generate nearly all power, needed at present, from 
the process steam used at 125 lb. It was found that 
this process pressure could be lowered to 100 lb. with- 
out detriment and to increase the available power 
sufficiently to take care of present requirements as 
well as the additional ones planned for the immediate 
future. 


New TuRBINE 


In view of this it was decided to install a straight 
back pressure turbine generator, exhausting at 100 lb. 
ga. and a boiler built for 425 lb. ga. pressure. The 
superheat was chosen so as to leave 50 to 75 deg. F. 
superheat in the turbine exhaust. The capacity of the 
generator was to be 500 kw. and that of the boiler 
30,000 to 35,000 lb. per hr. 

No spare high pressure equipment will be installed 
at present since it is felt that old equipment provides 
sufficient spare capacity in case of a breakdown on 
the high pressure units. Installation of additional high 
pressure equipment will depend on progressive obsol- 
lescence of old equipment and future demand for 
power and steam. 

In the old engine room ample space was available 
for a new turbine generator but in the boiler room, 
space was a problem. After various trial designs it 
was found that a bent tube boiler, with a setting en- 
tirely satisfactory for chain grate firing could be 
installed in the space available in the old boiler room.” 
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Extends 


Fig. 2. The main gener- 

ating unit is a geared 

turbo-generator rated at 
500 kw. 


Powdered coal was considered but, to get a satisfac- 
tory installation, it would be necessary to build a new 
extension to the boiler room and the slight gain in 
efficiency, to be expected with powdered coal, did not 
justify the additional expenditure for a building ex- 
tension. : 

Since the flue gas temperature at the boiler exit 
is necessarily high with 400 lb. pressure, it was decided 
to add an economizer to recover some of the waste 
heat. The exit gas temperature was fixed at about 400 
deg. F. In view of the fact that the gas would be dis- 
charged into a stack common with the old boilers 
operating on natural draft, it was considered inadvis- 
able to go lower than this without materially reducing 
the draft on the old boilers. Water cooling was de- 
cided on to protect arch and side walls against the 
erosion and fluxing experienced with Indiana and 
western Kentucky coals. 


New Borer 


The general arrangement of the new boiler unit 
is shown by the drawing, Fig. 3, while the photograph, 
Fig. 1, testifies that the available headroom has been 
utilized to the limit. Incidentally, the large fan in the 
foreground is for one of the old boilers as the fan for 
the new unit is the high speed unit of less imposing 
dimensions visible to the right. 
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Power Facilities 


Normally the new boiler will operate continuously 
at design capacity. Steam not taken by the new gen- 
erator turbine will spill over into the 100 lb. main 
through a desuperheater, the flow being controlled by 
a pilot operated relief valve. The boiler safety valves 
are set to blow at 415 lb. ga., the relief valve starts 
to open at 395 lb. at the superheater outlet. The 
desuperheater is of the heat exchanger type located 
in the lower boiler drum. 

In connection with this installation it was decided 
to operate all the old boilers at 150 lb. pressure and 
supply the 100 lb. steam through a reducing valve. 
The purpose of this was twofold: To improve circu- 
lation in some of the old boilers that suffered cracked 
headers frequently when operating at 125 lb. pressure 
and to utilize the old boilers somewhat in the manner 
of a steam accumulator. 

The boilers are cross drum, 12 tubes high, with one 
return circulator from the top of each header to the 
drum. At low pressures, and consequently large 
specific volume of steam, the one circulator is insuffi- 
cient and return circulation takes place in one or more 
of the inclined tubes below. A decrease in steam con- 
sumption will reverse the circulation and the resulting 
expansion and contraction of the tubes is sufficient to 
cause cracking of the cast iron headers. 

The steam accumulator effect referred to is ob- 
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tained when there is a sudden increase in consumption 
of 100 lb. steam. The reducing valve opens up so that 
the pressure in the boilers drops below 150 lb. and 
some of the water in the boilers flashes into steam. 
Permitting a pressure drop of about 10 lb. in the boil- 
ers has helped to eliminate pressure fluctuation in the 
100 lb. lines which before this arrangement were quite 
serious. 

The general appearance of the new turbine gen- 
erator is shown by the headpiece. It is a geared 500 
kw. machine, 4650 to 1200 r.p.m. The turbine is 
straight back pressure, 390 lb. ga. at the throttle, 
exhausting against 100 lb. This unit replaces two old 


engine generators exhausting at 5 lb. ga. Any de-. 


ficiency of 5 lb. steam, due to shutting down these 
engines, will be supplied through a reducing valve 
from the 100 lb. main for some time to come. When 
needed in the future, an additional turbine generator 
will be installed working on an expansion range of 
390 to 5 lb. with a bleeder at the 100 lb. stage. The 
old engine generators will be retained, for the time 
being, for spares and possibly for parallel operation 
with the present turbine generator. 


List of Principal Power Plant Equipment 
Colgate-Palmolive-Peet Co. 








BOILER ROOM 


Boiler—Combustion Engineering Co., bent tube, 4 drum, 
4100 sq. ft. plus 380 sq. ft. water walls and arch. 425 lb. 
ga. pressure. 


Stoker—Combustion Engineering Co., forced draft chain 
grate. 


Economizer—Combustion Engineering Co., fin tube, head- 
er type, 1950 sq. ft. 


Superheater—Superheater Co., 185 deg. F., superheat at 
400 Ib. ga. and 30,000 Ib. per hr. 


Desuperheater—Superheater Co., heat exchanger type in 
boiler drum, 15,000 Ib. per hr. from 400 Ib. ga., 585 deg. F. 
to 100 lb. 435 deg. F. 


Feed Pumps—Allis-Chalmers Mfg. Co., 2—85 g.p.m., 1100 
ft. head, 3550 r.p.m. 


Forced Draft Fan—B. F. Sturtevant Co., 15,000 c.f.m., 
3.25 in., 1885 r.p.m. 


Induced Draft Fan—American Blower Corp., 25,000 c.f.m., 
3 in., 1745 r.p.m. 


Auxiliary Turbine Drives—Elliott Co., 1—45 hp. direct 
connected; 1—18 hp. geared; 1—19 hp. geared. 


Deaerating Feedwater Heater—Elliot Co. 


Soot Blowers and Gauge Column—Diamond Power Spe- 
cialty Corp. 


Feed Water Regulator, Relief Valve and Reducing Valves 
—Swartwout Co. 


Boiler Meter and Draft Gauges—Bailey Meter Co. 


TURBINE ROOM 
Main Turbine and Reduction Gear—Terry Steam Turbine 
Co., 500 kw., 4650/1200 r.p.m., 390 lb., 580 deg. F. to 100 Ib. 


Generator—Allis-Chalmers Mfg. Co., 500 kw., 1200 r.p.m., 
480 v., 3-phase, 60 cycles. 


- Switchboard and Voltage Regulator—Allis-Chalmers Mfg. 
0. 


Piping—Midwest Piping and Supply Co. 
Valvei—Edward Valve and Mfg. Co., Wm. Powell Co. 
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Fig. 3. 





Arrangement of the boiler and setting 


All auxiliaries have steam turbine drives except 
one motor driven spare feed pump. These turbines 
are designed for 150 lb. admission and 5 lb. exhaust. 
Extra nozzles with hand valves are provided for oper- 
ation with 100 lb. admission pressure. 

The plant extension was designed and constructed 
by the company’s own engineering force. 


Managers 


ON THIS SUBJECT, George P. Torrence, president 
of Link-Belt Co., states some facts in a recent issue 
of Link-Belt News that are worthy of careful atten- 
tion in determining one’s course of action, especially 
under present conditions. 

Since man came to this planet, there have been 
managers, the head of the family, then head of the 
clan, then, as tribes built cities and combined to make 
nations, came kings and princes, later presidents, gov- 
ernors, mayors. Leaders are elected, appointed or 
seize power for from an hour to life, but managers 
are necessary where more than one individual is in- 
volved in any human activity, to lead when planning 
procedure and to put plans into effect. 

Success of the activity is affected by the character 
of the management, whether foreman, superintendent, 
governor or president. We are striving for recovery 
and reémployment. This recovery depends upon the 
soundness of plans and economic policies, upon the 
character of the management and upon the co- 
Operation with the management of all concerned. 
Unfair criticism destroys cooperation. Unfaithful man- 
agers should be punished and incompetent ones should 
be removed, but management is a function inseparable 
from society and only by cooperating with its manager 
can any group or society as a whole progress and 
achieve recovery. 

Recovery depends on sound plans and policies, 
competent management and codperation with such 
management. 


POWER PLANT ENGINEERING 








Combustion Con 





















Contrary to Popular Opinion Combustion Control Equipment 
Is Not Limited to Large High Pressure Installations. Combus- 
tion Control Systems Are Available for Small and Medium Size | 


HEN THE AGE of steam power was ushered 

in during the early _ eighteenth century, the 
question of combustion and combustion control had 
already received serious consideration primarily as a 
means of eliminating objectionable smoke from the 
furnaces and fireplaces of the day. These problems 
must have been as old as fire itself, yet, the beginning 
of transition era between combustion as an art and 
combustion as a science may be placed at about 1685 
when Delasme exhibited a smoke prevention device 
at the Fair of St. Germain. 

Under the impetus of industrial demands the steam 
boiler and fuel firing equipment developed gradually 
into the large and efficient units we know today oper- 
ating automatically under almost superhuman auto- 
matic control. In spite of the fact that early combus- 
tion engineers had a good practical understanding of 
the factors effecting the proper burning of coal, and 
that a number of stokers were invented early in the 
nineteenth century, actual progress in combustion 
practice was slow. 

Power plants were confined to manufacturing and 
mining establishments interested in steam and power 
only parts of their major activity; metals and mate- 
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Industrial Boilers at a Price Which Can Be Economically Justified / 







rials available were limited ; and = waa, pethaps, an 
over-emphasis on the development] of\ engines} About 
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efficient boiler units are, however, 
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within this last 15 yr. period. Theoretically these 
practices had been studied and advocated for years, 
yet sound theory had to await economic necessity be- 
fore the development expense for practical applica- 
tion was undertaken. 

This lag between theory and practice applies to 
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Fig. 1. Simple automatic control on a hand fired boiler. An increase 


in steam pressure causes the regulator piston to travel up, first 
closing the steam supply to the blower and then closing the damper 
combustion control as well. Elementary and partial 


automatic controls -have been available for over 100 
yr., yet completely automatic combustion control sys- 
tems made little practical progress until the size of 
boiler units increased to the point where direct control 
was no longer physically possible and centralized re- 
mote control systems became necessary. After this 
development period on large units, the adaptation of 
the improved equipment to medium and small sized 
units was rapid. 

Another factor of importance in the development 
of automatic control was the decreasing water content 
of modern boilers, the combined result of higher ratings 
and the reduction in drum diameters of high pressure 
boilers to decrease the cost. Some modern boilers have 
only sufficient water capacity to run a couple of min- 
utes at normal steaming capacities, thus giving feed- 
water control and regulation increased importance from 
the standpoint of boiler safety and stability, and mak- 
ing instantaneous control of combustion imperative. 

At the same time, increasing fuel costs placed addi- 
tional emphasis on efficiency and forced the installation 
of adequate instruments for the guidance of the oper- 
ator.. Instruments and remote control represent a large 
portion of the cost of a complete, automatic control 
system and with this start development, under the 
promise of reduced labor costs and higher efficiencies, 
was rapid. 

In its broad aspect combustion control covers the 
entire steam generating unit from bunker to stack. 
Some of this equipment, the boiler itself and the baf- 
fling, the furnace, economizer, air heater, air ducts, 
breeching and stack play an important part in, and 
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impose a definite limit on, the combustion process but 
are permanently installed and not readily susceptible 
to adjustment. On the other hand, stokers, pulverizers, 
feeders and burners, forced and induced draft fans and 
dampers are readily adjusted and it is upon the proper 
regulation of these parts that the efficiency of any given 
boiler unit depends. 

In the final analysis these parts actually control 
combustion, but, as the term is generally understood 
today, ‘‘combustion control equipment’’ refers only to 
the mechanism by which the adjustment of the actual 
equipment is made. This control may be manual, par- 
tially automatic, or fully automatic, depending upon 
the needs of any particular plant. 

It seems fair to assume that an automatic combus- 
tion control system could do no better than an alert 
operator using remote centralized control and guided 
by suitable instruments. Tests, however, show that 
automatic operation will give efficiencies ranging from 
2 to 5 per cent higher than can be maintained by a full 
crew operating the plant manually with a full set of 
control instruments This is probably due to the fact 
that the automatic control is sensitive to small changes 
in pressure or flow, divides the load evenly between 
boiers and, perhaps most important, is constantly alert 
and ever vigilent. What the difference might be under 
lax routine operation is difficult to say but it might 
well be two or three times as much. 

Maintenance of high efficiency is, of course, but one 
of the requirements of a successful automatic combus- 
tion control system. It must act as a boiler governor 
to maintain the desired steam pressure over the entire 
load range; it must provide safety through suitable in- 
terlocks on auxiliary drives and give the maximum 
protection in case of failure of component parts of 
the boiler unit or of the control itself; finally it must 
give low operating and maintenance costs for itself and 
for the furnace. The regulating devices must be sen- 
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2. The regulator action extended to include the control of 
fuel on a natural draft stoker 


Fig. 
sitive, yet stable and free from hunting and capable of 
being codrdinated with other parts of the system. 

As a governor, the control must supply fuel and air 
so as to carry the steam load without an appreciable 
drop in steam pressure. These adjustments may be 
made without regard to either furnace or boiler effi- 
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ciency but, as a guardian of efficiency, the control must 
proportion the fuel and air so that the unavoidable heat 
and fuel losses are as low as possible. That is, the ex- 
cess air must be held low so as to avoid excess heat 
losses in the flue gas, yet high enough to avoid incom- 
plete combustion as indicated by smoke and combus- 
tibles in the flue gases or excessive combustible in the 
refuse. 

As a watchman of maintenance expense, the control 
must regulate the furnace temperature, keeping it high 
enough to improve heat transfer and promote combus- 
tion, yet low enough to prevent slagging and excessive 
erosion of the furnace walls. This temperature can 
be controlled by means of the excess air, the higher the 
excess air, at a given rating, the lower the furnace 
temperature. 

Such complicated functions appear to limit auto- 
matic combustion control systems to large units. This 
is not true, however, because control systems to meet 
the needs of all sized boilers from the largest to the 
smallest are now available involving not only fuel and 
air supplies but feedwater regulation, load control and 
CO,, or, steam flow-air flow, corrections to compensate 
for air and fuel changes from average conditions for 
which the control is normally set. Having developed 
these complete control systems for large boilers, the 
manufacturers successfully set about adapting the sys- 
tems for medium and small sized units at a price which 
would justify their application not only to new boilers 
but to old boilers as well. 








HIS is the first of a series of articles on conbustion 

control explaining how the equipment works and show- 
ing where it may be applied to advantage. The series is 
a logical development of the January issue, a practical 
application of the fundamental instrument types such as 
pressure, temperature and flow measurements to the con- 
trol of several related factors in order to give a desired 
and predetermined result. Automatic combustion control 
is no longer limited to the large plant. It is one definite 
and practical way for the small and medium sized indus- 
trial plant to cut costs and improve operation, the objec- 
tive of all modernization plans. 





With the exception of thermostatically controlled 
on and off systems used on some heating boilers, all au- 
tomatic combustion control systems use the steam flow 
from the boiler as the primary impulse for the regu- 
lator. Some systems use, and actually meter, the steam 
flow while others use the pressure drop in the receiver 
or header as an indication of the flow, this pressure 
drop increasing approximately as the square of the 
steam flow. 

Variations in steam flow or pressures are used to 
increase the air flow and fuel flow to the boiler as 
nearly at the same time and in the proper proportion 
as it is possible to do. Air flow is regulated by chang- 
ing dampers or changing the speed of the fans and is 
metered or measured by the pressure loss over a cer- 
tain section of the air duct or by the draft loss through 
a section of the boiler. Fuel is the most difficult to 
measure accurately due to irregularities in size, shape 
and condition. With coal, stokers or feeder speed is 
usually taken as an indication of the rate of feed with 
irregularities in metering the fuel and air ratio ad- 
justed, either manually or automatically, through CO, 
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or steam flow-air flow readings. With oil or gas, the 
problem is simplified considerably as more accurate 
fluid metering methods can be used and the ease of 
regulation gives perfect conditions for the application 
of automatic control. 

Selection of the control systems used must depend, 
of course, primarily upon the factors available for 
control, the operating pressures and conditions and the 
auxiliary drives. At one extreme is the small hand 
fired, natural draft boiler on which only one auto- 
matic adjustment, the damper regulator, can be made. 
Due to the large water storage capacity a simple feed- 





© 
O 
r. 1 DAMPER 
+ 

















‘STM. TO STOKER DRIVE 


STM, PRESSURE 











FURNACE PRESS. CONN. 


= 


STM. PRESSURE => 
REGULATOR 
FURNACE PRESS. REGULAT‘ 


= : 
) 
































SO arp oes DRIVE 
\ 





NSTOKER ORIVE 
STM. TO TURB- 





TURBINE ORIVE 








Fig. 3. Forced draft installations need a second regulator to assist 
in maintaining desired furnace conditions 


water regulator operating from the water level is suf- 
ficient. At the other extreme is the large 600 to 800 
lb. reheat boiler requiring fuel regulation, forced and 
induced draft control, steam temperature control and 
coordinated feedwater regulation.* 

This pressure range offers the most difficulties due 
to low water storage and the difference between the 
specific volume of steam and water. At high rates of 
steaming there is an appreciable swell due to the steam 
bubbles and in order to maintain a nearly ‘constant 
weight of water in the boiler the water level must be 
maintained high at high ratings and low at low rat- 
ings. Many of the difficulties of feedwater control 
disappear at higher pressures due to the decreased spe- 
cific volume of the steam bubbles, although, of course, 
the introduction of the higher pressure series boilers 
brings up new problems. 

Figure 1 shows the simplest possible control system, 
a stack damper automatically regulated from the 
steam pressure. As the steam pressure drops, the 
damper is opened, increasing the draft and immedi- 
ately increasing the rate of combustion or heat liber- 
ation. As the fuel burns out the fireman must replenish 
it either at the rate it is being burned out, or, if further 
load increases are expected, a little faster so as to build 
up the fuel bed to the point where the next increase 
can be carried. 

With the common type of regulator, the steam pres- 
sure acts on a diaphragm which in turn operates a 
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small pilot valve to control the movement of a hydrau- 
lic piston operated by air, oil, water or steam pres- 
sure. This piston is connected by cable or linkage to 
the damper which it regulates. 

The pressure regulator may adjust the damper of 
one boiler, or, if a number of boilers are operated in 
parallel, the dampers of all of them through a com- 
mon shaft as shown by Fig. 1. Another arrangement 
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Fig. 4. A rearrangement of the regulators so that the pressure regu- 
lator controls the fuel feed and forced draft 


possible with one regulator and a number of boilers 
is to have a breeching damper operated by the regu- 
lator and individual damper in each uptake operated 
manually. This facilitates the division of load be- 
tween the boilers. 

From the simple arrangement shown by Fig. 1 the 
next logical step is the automatic control of fuel by 
the same regulator. This is shown by Fig. 2 for a 
natural draft stoker with a steam engine drive. With 
oil and gas fuel the response of the fuel to load is 
rapid, but, with stokers, the fuel feed is slow and 
although the fireman is relieved of the labor of firing 
the coal it is still necessary for him to pay close at- 
tention to his fuel bed so it will be in a condition 
to handle large load changes when they occur. With 
the fuel bed in proper shape even sharp changes in 
the rate of combustion may be taken care of by the 
regulator through the control of the air supply. 

For natural draft such an arrangement is sufficient 
but many of the small stokers use forced draft, which, 
unless the stoker includes an integral fan, necessitates 
an additional control element. It is conceivable that 
the function of the damper or steam pressure regu- 
lator could be extended to include the control of 
forced draft as well. Although this is done partially 
in some of the more extensive controls, the difficulty 
of codrdinating three controls of different character- 
istics with each other makes another regulator ad- 
visable 

For this purpose a draft or furnace pressure regu- 
lator can be added as shown by Fig. 3. This regulator 
controls the forced draft, either by means of a damper 
or by regulating the speed of the fan, so as to main- 
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tain the pressure in the furnace at, or, slightly below, 
atmospheric. As the uptake damper opens, the fur- 
nace pressure tends to decrease but the furnace pres- 
sure regulator increases the forced draft sufficient to 
compensate for the change and thus controls the rate 
of combustion as indicated by the position of the 
uptake damper. 

The three variables, fuel feed, induced draft and 
forced draft are closely related and adjustments are 
practically simultaneous. Sometimes the steam pres- 
sure regulator controls the fuel feed and forced draft, 
leaving the furnace pressure regulator to take care 
of the uptake damper as shown by Fig. 4. The forced 
draft control may be either by damper as in Fig. 5, 
or by speed regulation of the fan in Figs. 3 and 4. 

Inasmuch as the rate of combustion is controlled 
by the air flow through the fuel bed (provided coal 
is already on the grate) the steam pressure regulator 
is sometimes made to actuate only the forced draft, 
leaving the furnace pressure regulator to take care of 
the fuel feed and stack damper as in Fig. 5. 

Many arrangements are possible, the most advan- 
tageous one to be used in any case depending upon 
the fuel to be burned, the design and type of the 
equipment to be controlled, the type and power of the 
regulator and the space and location available. For 
motor driven stokers and auxiliaries, the regulators 
normally control rheostats and although the regulators 
shown are all of the hydraulic type, electrical models 
are available for the same service. 

These simple applications show elementary auto- 
matic control apparatus falling in the general classi- 
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Fig. 5. Another modification in which the steam pressure regulator 
controls only the forced draft 
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fication of damper regulators as distinguished from 
complete, automatic combustion systems. Many of 
complete systems utilize these regulators as working 
parts but when used as shown they give but partial 
automatic control except under the most unusal load 
conditions, more closely approaching this condition 
with liquid and gaseous fuel than with coal. They 
do, however, relieve the fireman of a great deal of 
(Continued on page 106) 
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Diesel Maintenance 
Cost Analysis 


Not Only Should the Engineer Concern Himself 
with the Bookkeeping System But He Should See 
that Entries Are Properly Made. By Paul M. Thayer 


P ROBABLY the most discussed phase of Diesel en- 

gine operation is the question of cost of maintain- 
ing this type of equipment; figures are presented which 
show that the cost of maintaining a Diesel engine plant 
exceeds the cost of fuel, and also that the cost of 
maintenance is almost a negligible item. Figures sup- 
porting these extremes can be had from the records 
of actual operation of Diesel plants; the figures are 
correct, but the conclusions drawn from them are often 
erroneous in the extreme. 

One instance that we know of illustrates a condi- 
tion that too often exists in the records of power plant 
operation. In this particular case a starting air com- 
pressor was purchased and installed the year following 
the installation of the engine. The cost of this plant 
improvement amounted to over $1200 and it was 
charged on the books of the operating company as an 
item of Diesel engine repair, giving both the engine 
and the operator a black eye they did not deserve. 


SPARES 


In every plant where continuity of service is at all 
important, and this means practically every Diesel 
plant in the country, it is highly desirable to have 
certain spare parts on hand ready for use in case of 
trouble. It is generally cheaper to order such parts 
in quantity lots, as by so doing there will be a very 
considerable saving in transportation charges, and a 
very probable reduction in first cost. How to charge 
these items that are ordered for stock is quite a prob- 
lem; if it is left to the purchasing department, where 
such’a department exists, the natural tendency will be 
‘to charge all these items as maintenance expense 
against the engine just as soon as the invoice is paid 
regardless of the fact that many, if not all the parts 
are put in the stock room and not on the engine. 

It can readily be seen that such cost accounting 
as this will be very misleading to the management, and 
very detrimental to the reputation of the’ man in 
charge of the engine room. It is essential to have the 
bookkeeping accurately tell the story of what goes on 
in the engine room before it is possible to make an 
analysis of the maintenance of a Diesel engine that 
means anything. 

The average Diesel engine operator looks upon the 
keeping of records as more or less of a nuisance and 
is inclined to slight this phase of his job whenever pos- 
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sible. This tendency on the part of Diesel engine oper- 
ators has made the problem of getting accurate infor- 
mation about actual maintenance costs an exceedingly 
difficult one. This question of accurate records about 
engine performance is one that is of vital importance 
to everyone connected in any way with the Diesel 
engine industry, either as a manufacturer, a designer, 
a purchaser, or an operator. 

A careful study of the record of repair parts used 
on any given design of Diesel engine will often show 
the designer points that are giving too much trouble 
and will indicate what should be done to correct the 
difficulty. It always is natural for any man responsible 
for the design of a piece of equipment to place the 
blame for any difficulty that might arise in the opera- 
tion of it onto some other cause than a mistake on his 
own part. This is one reason why accurate figures on 
the history of each important part of any newly devel- 
oped design is of such vital importance. 


Srupy By Groups 


Some years ago a careful study was made of the 
maintenance costs of an important group of Diesel 
engines operating under adverse conditions in the 
Southwest; these engines were of two different types 
but had the same general characteristics. In making 
this analysis all of the invoices covering material and 
repair parts were tabulated, these items were then 
grouped roughly according to the general classification 
to which they belonged, such as; air injection system, 
fuel pumps and valves, cylinder heads, cylinder liners, 
pistons, ete. These were again grouped according to 
the length the engines had been in service, and still 
again according to the load factor on the engines 
individually. 

There was no consistency in the results because of 
the diverse conditions under which the different units 
operated and because of the fact that all items were 
charged as repairs as soon as they were received even 
though many of the larger items were obviously kept 
in stock for a long time after they were purchased. 
As would be expected, the major portion of the repairs 
were required for those items that were in direct con- 
tact with the heat of combustion; liners, heads, pistons 
and piston rings. 

There were some rather surprising things brought 
to light, however. One of these was the fact that there 
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had been quite a lot of trouble with exhaust pipes, a 
place that one would naturally expect to be practically 
free from trouble. These particular exhaust pipes were 
water jacketed and were made of heavy cast iron, there 
was no question but that the trouble was entirely due 
to bad cooling water liming up the jackets preventing 
proper circulation. As one result of this analysis the 
designers decided to abandon this type of exhaust pipe 
altogether and make it from welded steel with asbestos 
lagging covered with canvass in place of the water 
jacket. 

This new type of exhaust header and pipe has been 
in service for the past few years and there has been no 
recurrence of the old troubles. This new design of 
exhaust header was much cheaper to build, easier to 
ship and erect, gave the engine a trimmer appearance 
and made the unit much more accessible; but more 
important perhaps than all these items together, this 
change in design reduced this particular item of main- 
tenance to practically zero. 


Costs $1 per Hp. Yr. 


Study of actual maintenance costs outlined above 
was carried out primarily to lay a basis for an accurate 
prediction of the probable cost of these items of a large 
Diesel engine plant which was under consideration at 
that time. So much had been said about the cost of 
keeping a Diesel engine plant in satisfactory operating 
condition that it was necessary to go into this phase 
of the problem in a thorough manner; tentative main- 
tenance schedules were set up, with the probable life 
of each major item shown together with the cost of 
taking care of the necessary replacements when they 
would be required; everything that could be thought 
of to reduce this item of operating expense was con- 
sidered and those which seemed the most reasonable 
were used. 

The plant was built and placed in operation about 
seven years ago. Accurate records of the maintenance 
cost of this plant have been kept in detail ever since 
with the remarkable result that, even though the plant 
has been overloaded as much as twenty per cent at 
times, the cost of repair parts were well within the 
prediction, and has not amounted to as much as $1.00 
per hp. per yr. In achieving this result there has been 
no attempt to get by in order to make a record, but 
every part that needed replacing has been installed 
before any serious trouble resulted. Such replacement 
of parts at the first sign of trouble will always result 
in an overall reduction in maintenance cost. 

So far we have spoken exclusively about repair 
parts and the maintenance work of replacing them 
when necessary. There is still another side to this 
problem that should not be overlooked. That is the 
routine inspection of every part of the equipment. In 
making this routine inspection, records should be kept 
of every item that is subject to wear, such as the eylin- 
der liners, crankshaft, main bearings, ete. A com- 
parison of the amount of wear from one inspection 
to the next, together with the number of hours run 
and average load, will indicate clearly whether there 
is anything developing that will lead to future trouble 
if it is not taken care of at once. 

If the figures on wear are plotted against time on 


98 


eross section paper, points that may be in danger of 
developing future trouble will become self evident 
much more easily than if these same records are kept 
in numerical form only. 


Apvocates DigsEL ENGINE Users’ ASSOCIATION 


There is no question but that the entire Diesel 
engine industry would be greatly benefited if those 
responsible for the design and construction of engines 
were in closer and more harmonious contact with the 
users of their engines, both owners and operators. One 
of the chief bones of contention between the various 
groups is this one of maintenance; and the reason for 

“this is that no one really makes an effort to find out 
what a reasonable maintenance cost for any given 
plant should be, or why such costs get out of line, 
with such a cost, when things go wrong. 

There is one real difficulty standing in the way of 
a general understanding of maintenance costs of Diesel 
engines and that is that there is no uniform method 
of keeping track of such items and no clearing house 
for compiling such data, studying it and disseminat- 
ing it. 

In order to do this effectively, the writer suggests 
that a Diesel Engine Users Association be organized 
for the purpose of compiling records of operation and 
maintenance of all Diesel engines in the country, the 
formulating of standard accounting methods for keep- 
ing records of operation, and generally aiding the 
owners and operators of Diesel engine plants to get 
better performance from their engines and more satis- 

‘factory returns on their investments. The Diesel En- 
gine Manufacturers Association now in existence does 
not concern itself directly with matters of moment to 
the users of such engines from the user’s standpoint. 


Weld Saves $475 


WELDING can be of great service in repair work and 
Oliver’s Garage at New Underwood, S. D., recently 
proved this by successfully welding a broken crank- 
shaft belonging to a 45 h.p., 3 cylinder Diesel engine. 
The price of a new shaft and bearings was $550. The 
old shaft was welded and machined at a total cost of 
$75 or a saving of $475. 

In preparing the job, which was handled with a 
P & H-Hansen Are Welder using from 250 to 300 amp., 
the shaft was blocked on a lathe to line up as nearly 
true as possible. The broken section was veed out with 
a cutting torch from one side to the center. A bead was 
then run through with the are welder and the sides 
tackwelded sufficiently to allow the shaft to be turned 
over and the operation repeated on the other side. Now 
being strong enough to take out of the lathe, the shaft 
was built up a little at a time until the welded portion 
was larger than original size. 

The shaft was then put back into the lathe with a 
press mounted over it and straightened to within 0.030 
in. of true as recorded by the dial gauge. Following 
this, all main bearings were ground 0.050 in. undersize. 
With bearings rebabbitted and bored to fit the shaft, 
everything lined up and turned freely after being as- 
sembled. The engine, since run well over 100 hrs., is 
performing excellently. 
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Few single factors in the operation of tut- 
bines and other prime movers are of greater 
importance than that of lubrication. This 
article discusses the subject from a modern 
standpoint and outlines present practice. 
Many of the practices discussed have been 
drawn from statements by large operating 
companies, a fact which should be of inter- 
est to operating men as it will give him a 
basis for comparison with performance in 
his own plant 


] 


By GUSTAV A. GAFFERT 


Assistant Professor, Steam Engineering 
Worcester Polytechnic Institute 
Worcester, Massachusetts 





N CONNECTION with the lubrication of prime 

movers, modern methods of installation, means of 
accomplishment, and operating data on typical instal- 
lations are subjects which have not been given proper 
weight in technical literature. The trend in modern 
practice seems to be toward a uniform method of oil 
treatment. In the matter of installation some improved 
details of machinery arrangement are to be noted. 
Also, the ever present possibility of fire due to prox- 
imity of the turbine oil reservoir to high pressure 
steam ‘pipes—as well as some actual fires—has re- 
opened the whole question of remote location and its 
effects on the rest of the oiling system. 

From a standpoint of design, the turbine manu- 
facturer has taken the stand on practically all larger 
installations that he will prefer to supply not only 
the oil pump geared directly to the main turbine shaft 
and the auxiliary oil pump turbine but also the oil 
coolers and the oil piping connecting the various 
pumps, reservoir and bearings, since all of these items 
are intimately connected with turbine performance. 
The preferred arrangement of piping and auxiliaries 
is then settled between the manufacturer and the client 
or the latter’s engineers. At once the question arises 
concerning the elevation of supply and return oil pip- 
ing with reference to operating floor level. With small 
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turbines, appearances may not be so important, but 
on larger installations, notably central stations, it is 
considered better practice to run both sets of piping 
under the main floor. The top of the turbine oil tank 
reservoir may then conveniently be made a part of 
the operating floor decking around the high pressure 
end. Final arrangements of all equipment as well as 
piping are subject to the approval of the manufac- 
turer since he assumes responsibility for the proper 
lubrication of the prime mover. 


Om PressurE Must Be MAINTAINED 


A modern lubricating system for a large turbine 
ineludes a steam driven auxiliary oil pump operating 
in parallel with the regular geared unit. Should the 
supply oil pressure fall to a low value, a valve bal- 
anced normally by this pressure would allow high 
pressure steam to pass to this auxiliary oil pump tur- 
bine and restore operating pressure. With regard to 
location the auxiliary oil pump turbine can usually be 
conveniently located with the turbine head just above 
the floor plate near the high pressure end. 

When the whole lubricating system is considered, 
a certain amount of latitude must be allowed in locat- 
ing the various parts of the system. From an operat- 
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ing viewpoint, the oil coolers may be located anywhere 
underneath the main operating floor as long as the 
control valves are brought up to main floor level and 
readily accessible. Continuity of operation usually de- 
mands two oil coolers on large turbines, each capable 
of cooling the oil for the whole system. Such coolers 
are similar to heat exchangers and are usually water 


WATER CONTROL 
CONTROL 


Fig. 1. Common arrangement of lubricating oil coolers 
cooled by service water rather than by condensate, 
since the possibility of contamination of the latter is 
great unless special precautions are taken in packing 
or rolling the tubes. A popular arrangement of coolers 
is shown in Fig. 1. Vertical closed type coolers are 
used and supported alongside the turbine foundation. 
Also the turbine oil reservoir is located bracketed off 
the front end of the foundation with top flush with 
the floor. For convenience in operation, the operating 
valves on both the water and oil supply lines are 
brought up above operating floor level with extension 
stems. Three way valves are used so that it is impos- 
sible to close the valve completely and, further, a 
change over from one cooler to the other is quickly 
made in case of tube trouble, plugged water supply 
to one cooler, or fouled oil tubes as registered by the 
rising oil temperature on the discharge side of the 
cooler. 


CHECKING PERFORMANCE OF THE LUBRICATING 
Om System 


An oil pressure gage on the turbine gage board 
is very useful. Also, whereas gage board mounted in- 
dicating thermometers cannot be justified because of 
the number required, scale thermometers located at 
important check points are considered necessary. Tem- 
perature to the thrust and various main bearings on 
both the turbine and generator are important as well 
as return oil temperature and supply oil temperature 
at the cooler. 
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Purification of lubricating oil in a modern plant is 
recognized as being more economical than running an 
oil until its characteristics make it imperative to pro- 
vide a new supply. A high grade oil is also a good 
investment and several good indices are available to 
indicate suitability of an oil. One of these is viscosity 
or resistance to flow under the shearing reaction of the 
forces in turbine bearings. A high viscosity usually 
results in high oil discharge temperatures and oxida- 
tion. The neutralization number of an oil, meaning 
the number of milligrams of potassium hydroxide 
necessary to neutralize the oxides contained in one 
gram of oil, indicates the condition of the oil and lia- 
bility to form sludges. Some oils tend to absorb water 
more readily than others and form emulsions. Com- 
parison with an emulsion standard will give an indéx 
of this characteristic. Also from chemical analysis the 
amount of carbon residue and sediment indicate at 
least its initial condition. 


RemMovine Water From OIL 


No oiling system is free of water due to bearing 
leakage. Due also to presence of air, oil will oxidize 
or combine with air chemically in time, and is the 
principal reason for not operating at too high a tem- 
perature. Oil will not only pick up water but will 
also absorb solids and in time will form a sludge. We 
have therefore two things to contend with in recon- 
ditioning an oil: the removal of water and soluble as 
well as insoluble impurities. In a modern plant, this 
can be handled effectively. A centrifuging machine 
will remove the heavier impurities which will collect 
in the pocket of the bowl of the centrifuge. Water 
can readily be separated due to the difference in spe- 
cific gravity. In many cases this treatment is all that 
is necessary to maintain effective lubricating qualities. 
In this case the oil centrifuge can conveniently be 
located on the main operating floor and take oil from 
the bottom of the oil reservoir and discharge cen- 
trifuged oil back into the same tank. 

When relatively large oil quantities are involved, 
such as required by central station turbines, a periodic 
settling and filtering will restore a charge of oil to a 
condition where it may again approach its initial 
state. It is customary to provide one or preferably 
two compartment batch filtration tanks for this pur- 
pose, each compartment having as a minimum storage 
capacity equal to that of the turbine reservoir. After 
draining oil to storage, impurities will settle and may 
be drawn off the bottom readily if there is a slight 
slope. To maintain efficient settling, the oil tempera- 
ture must be high enough to maintain fluidity, requir- 
ing steam heated coils in the tanks. Oil is allowed to 
pass through cloth filters and finally passes to the fil- 
tered oil storage section of the tank. The physical 
layout of a system which is designed to provide con- 
tinuous centrifuging and periodic batch filtration is 
shown in Fig. 2. With such a system it should be pos- 
sible to accomplish transfer from one ‘tank to another, 
centrifuge continuously, fill the turbine reservoir with 
clean oil or centrifuge the oil directly from a turbine 
and then put it into storage, 

The usual location for batch filtration tanks is some 
corner of the turbine room basement so that gravity 
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drain can be used’ from the turbine oil reservoir, 
although the centrifuge is placed on the main operat- 
ing floor level in many cases. It is apparent that the 
arrangement shown can be extended for additional 
units merely by additional piping or possibly a sepa- 
rate centrifuging machine for each unit, but using, 
however, common batch filtration tanks. Since the 
capacity of turbine oil reservoirs vary almost directly 
with the size of the unit and the number of bearings, 
it is well to provide tank capacity for the largest unit 
contemplated. 


OPERATING Data ON LARGE TURBINES 


Temperature of oil from the oil cooler varies from 
95 deg. F. to 110 deg. F. but the return temperatures 
to the cooler from either bearings or the governor sys- 
tem does not exceed 140 deg. F. and the majority run 
under 130 deg. F. Higher temperatures accelerate oxi- 
dation. Most plants prefer to operate on a regular 
schedule of centrifuging—either a certain number of 
hours per day varying from six to eight or by-passing 
continuously five to ten per cent of the oil in flow and 
returning this oil directly back into service. Make up 
oil is also added at varying rates per month. The 
periods of operation between complete withdrawals of 
oil varies, but, since a heavily loaded turbine usually 
comes out of service once a year for an annual inspec- 
tion, the oil is usually filtered annually. This period 
can in some cases be extended if samples of oil are 
withdrawn periodically and indicate no material 
change upon close visual examination. Settling must 
be allowed before a comparison is made. In the case 
of Diesel plants lubricating oil receives more severe 
service, in particular because of cylinder lubrication, 
and records for municipal plants show a period of 3000 
to 5000 hr. between complete withdrawals and batch 
filtration. Continuous by-pass centrifuging is also em- 
ployed in the latter plants. 

When filling the oiling system with oil, it has 
proven wise to run this oil through a fine strainer 
before it reaches the turbine oil reservoir, and when 
a turbine is first started to check carefully oil tem- 
peratures throughout the system on the regular oper- 
ating thermometers before loading the turbine. An 
operating convenience employed is the sight overflow, 
and may be located as shown in Fig. 2 to give the tur- 
bine operator a means of noting quickly whether or 
not the system is operating satisfactorily. 


Fire Hazarp 


The question of fire hazard has come prominently 
into consideration of late; particularly because of two 
fires originating in central stations of importance. The 
problem is complicated by the fact that the govern- 
ing system is also supplied with oil from the oil pump 
to operate the throttling admission valve through relay 
action. The solution of such difficulties suggest pos- 
sible separation of the oil lubricating system and gov- 
erning system, also the possibility of a non-inflammable 
fluid or remote location of some of the oil lubricating 
apparatus. 

The location of the turbine oil reservoir directly 
in front of the high pressure end of the machine with 
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supply and return piping is an obvious fire hazard. 
The type of piping and joints used in the past have 
been conducive to leakage. This is particularly true 
where cast-iron flanges have been used, and it has 
been suggested that a better choice of materials would 
be seamless copper piping or welded steel piping with- 
out joints, except possibly steel flanges at the connec- 
tions to the oil pumps and oil coolers. 
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Fig. 2. Layout of system for continuous centrifuging and 
periodic batch filtering 


In addition to a change in piping standards, a 
complete relocation of the turbine oil reservoir plac- 
ing it in a separate basement room with the centrifug- 
ing and batch filtering equipment is a distinct ad- 
vance. In this case the only real changes involved are 
the length of oil piping involved and the head against 
which the transfer pumps have to operate. Dupli- 
cate pumps should be installed to take the centrifuged 
oil from the basement to the bearings and other points 
of use, and ample pipe size allowed on the return lines. 

The possibility of separating bearing lubrication 
and governor oil is also promising. A separate pump 
located on the main operating floor supplying non- 
inflammable fluid to the governor system would im- 
prove this situation. Diphenyloxide would be satis- 
factory, since it is a good lubricant, but it is inflam- 
mable. Research may provide us with a non-inflam- 
mable lubricant of a synthetic nature, and we may 
conclude that there are still beneficial changes to be 
made in oiling systems. 


TRANSFORMER cooling by air blast at Chalon-sur- 
Saone is by 4950 cu. ft. air per min. at 4.33 in. water 
pressure for each 10,500-kv-a. transformer at 15,000 v. 
Fan motors are 4.4-hp., 3-phase, 220-v., at 2950 r.p.m. 
Air blast is applied to tubular radiators, with convection 
circulation, the fans being stopped and started by ther- 
mostatie control. 
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Predictable Performance of 
CENTRIFUGAL PUMPS 


Affinity Relations, Dynamic Similarity and Specific 
Needs of Centrifugal Pump Impellers Useful for Prede- 
termination of Pump Performance. By A. J. Stepanoff* 


LTHOUGH the theory of centrifugal pumps has 
made marked progress during the last few years, 
improvements in the design and performance were at- 
tained mostly in an experimental way. The predeter- 
mination of the head-capacity curves, and the selec- 
tion of the leading dimensions of the pump, are based 
on previous experience. 

Introduction of the conception of specific speed for 
pump classification provided a scientific basis for the 
systematization and evaluation of the accumulated 
experimental knowledge which enabled designers to 
interpolate between the existing types of pumps, and 
also indicated the way for the development of new 
types beyond the regions already well explored. 

Predetermination of the performance of a pump at 
different speeds, or similar pumps of different sizes, is 
based on the use of ‘‘affinity laws’’ established first 
experimentally for hydraulic turbines. For the range 
of speeds and reduction factors used, these laws hold so 
well that often the acceptance tests of large pumps 
are made from a model test, the efficiency being stip- 
ulated as a multiplier of the efficiency of the model. 

Uncertainty in efficiency is caused by the fact that 
the pump efficiency is affected by hydraulic losses which 
are only a small fraction of the pump input and are 
difficult to analyze. The term ‘‘affinity law’’ desig- 
nates the following relationships between head, capac- 
ity, speed and size of the. pump. 

A. For the same pump if the speed is varied: (1) 
the capacity changes directly as the speed; (2) the 
head varies directly as the square of the speed for 
points of substantially the same efficiency. From these 
two it follows that the brake horsepower varies as the 
cube of the speed, since the pump efficiency is subject 
only to minor change for corresponding points. 

B. For geometrically similar pumps operated at the 
same speed; (1) the capacity varies directly as the 
cube of the ratio of any linear dimension, for brevity 
ealled ‘‘reduction factor or multiplier’; (2) the head 
varies directly as the square of the factor; (3) the 
brake horsepower varies directly as the fifth power of 
the factor. If similar pumps are run at different speeds 
rules A and B are applied simultaneously. 

C. For the same pump, if the impeller diameter is 
eut: (1) the capacity varies directly as the impeller 
diameter; (2) the head varies directly as the square 
of the diameter; (3) the power varies directly as the 


*Byron Jackson Co. From a paper presented before the A.S.M.E. 


102 


cube of the impeller diameter. This is true for small 
impeller cuts only. For larger cuts the head and 
capacity decrease faster than given by these rules. 
The tabulation below shows the relationship be- 
tween the diameter in per cent of original diameter 
calculated from the rules in this paragraph, and the 
approximate deviation from this rule shown by actual 
experience. 
Caleulated Impeller 
Dia. in Per Cent of 


Original Dia. .... 65 70 75 80 85 90 95 
Required Dia. in Per 
Cent of Original 
ee 71 7 79 838 87 915 95.5 


The ‘‘affinity laws’’ governing the variation of the 
head and capacity with the pump speed and size apply 
not only to the best efficiency point, but to any point 
on the head-capacity curve not affected by the exces- 
sive suction lift. 


SPECIFIC SPEED 


Specific speed, n,, is defined as speed in revolutions 
per minute at which an impeller geometrically similar 
to the one under consideration and reduced in size 
develops a head of 1 ft. and a capacity of 1 g.p.m. The 
formula for the calculation of the specific speed is: 

n, =n VY Q + H% 

n is the speed in r.p.m. 
Q is capacity in g.p.m. 
H is head in ft. 

The following information about specific speed is 
important for the study and design of centrifugal 
pumps. 

A. The physical meaning of specific speed as revolu- 
tions per minute to give one foot of head and one 
gallon per minute capacity has no application or inter- 
est to the designer. The number is used merely as a 
type characteristic for impellers geometrically similar. 
It ean be shown that specific speed is only one form of 
criterion characterizing the operation of centrifugal 
pumps in the same manner as Reynolds’ number does 
in the case of pipe flow. 

B. As a type number specific speed is used to desig- 
nate the operating characteristic for the best efficiency 
point only. 

C. For any impeller the ‘specific speed varies from 
zero to infinity for various points on the head-capacity 


where 
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curve, being zero when the capacity is zero and infinity 
when the head is zero. 

D. For similar impellers the specific speed is con- 
stant for different speeds and sizes. 

EK. If the same head and capacity requirements are 
met with pumps of different types, high specific speed 
pumps will run at a higher speed and be smaller in 
size, hence cheaper and requiring smaller high speed 
motors. 
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SPECIFIC SPEED 


Disc friction loss as calculated for double suction centrifugal pumps 


For the purpose of illustration, disc friction loss was computed 
for double suction pumps of different specific speeds and plotted 
on the attached figure as percentage of pump brake horsepower 
(not WHP) using actual impeller diameters and modern well estab- 
lished efficiencies attainable at various specific speeds. The effi- 
ciencies used and the sizes of pumps in gallons per minute for 
which these efficiencies were obtained, are given on figure for sev- 
eral points. It will be noticed that the rapid drop of pump effi- 
ciency with the decrease of specific speed below 1000, is mainly 
caused by the increase of the disc friction loss. 


F. By cutting the impeller diameter the specific 
speed varies approximately in inverse ratio of the 
diameters. : 

The specific speed, as well as other constants im- 
portant for the analysis of centrifugal pumps, such as 
unit head and unit capacity, may be derived by ‘‘di- 
mensional analysis’? which, applied to problems of 
similitude in hydraulics, has proven a useful tool in 
many instances; for example, from experience with 
waiter, conclusions may be drawn as to behavior of 
pumps when pumping liquids of different viscosities: 

When pumping viscous oils, the ‘‘affinity laws’’ 
still hold if the flow remains in the turbulent state, 
which is mostly the case in practice. When pumping 
viscous oils, the drop in efficiency is smaller for pumps 
of higher speed, i.e., higher specific speed. 

Similar relationships, giving the variation of losses 
in the centrifugal as a function of specific speed, head 
or capacity, may be established. These losses comprise, 
besides those defined by hydraulic efficiency, so-called 
external losses, such as disc friction, leakage and axial 
thrust, and these relationships may be called by 
analogy ‘‘affinity relations’’ for these losses. 

In pumps of the same specific speed but of different 
size and operating at different speeds: (1) the disc 
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triction horsepower varies directly as the pump output 
or water horsepower; (2) the leakage loss horsepower 
also varies as the water horsepower. Hence, if both are 
expressed in per cent of the water horsepower, both 
are constant. 

In pumps of the same output (water horsepower), 
but of different size and running at different speed: 
(1) the dise friction horsepower varies inversely as the 
square of the specific speed and directly as the fifth 
power of factor C (from the equation for the velocity 
leaving the impeller u, — C\/ 2, H); (2) the leakage 
loss horsepower varies inversely as the factor K, (from 
the equation for the radial velocity through the im- 


peller eye cn = K, y 2, H). 


In multi-stage pumps of the same capacity and 
total head, but of different number of stages, size 
and speed: (1) the dise friction horsepower varies in- 
versely as the square of the specific speed and directly 
as the fifth power of C. For the same speed and assum- 
ing C to be constant, the dise friction horsepower 
varies inversely as 3/2 power of the number of stages, 
or inversely as the square of the specific speed; (2) the 
leakage loss through the wearing rings expressed in 
horsepower varies inversely as the factor K,. If the 
speed is the same, the leakage horsepower varies in- 
versely as square root of the number of stages, or 
inversely as the 3/2 power of the specific speed. 

Both the dise friction and leakage losses decrease 
with the increase of specific speed. For the same water 
horsepower the bearing and stuffing box friction are 
substantially constant (if stuffing boxes are under the 
same pressure). Then the fact that pump overall effi- 
ciency is increasing rapidly at first up to about 
n, = 1750, then stays practically constant from n, = 
1750 to 3500, and after that begins to decrease slowly, 
indicates that the hydraulic efficiency is decreasing for 
specific speeds over 1750. This is explained by the fact 
that hydraulic losses for high specifie speed, low head 
pumps, constitute a greater percentage of the total 
head than for high head, low specific speed pumps. 

The axial thrust of two similar pumps of different 
size and speed is in direct ratio to water horsepower 
and inverse ratio of square root of the head. 

The axial thrust of two pumps of the same water 
horsepower, but of different specific speed, size and 
speed, varies inversely as the radial velocity through 
the impeller eye. 


On CuassiFicaTiIon oF Coats the Technical Com- 
mittee of the A.S.T.M. report progress in formula- 
tion of requirements. Suggestions are being consid- 
ered for improvement in setting the boundary line of 
fixed carbon between low-volatile and medium-volatile 
bituminous by possibly subdividing each of those 
groups into 3 subgroups. Chart has been prepared to 
show relative importance of chemical and physical 
properties of coals for various uses. Progress is re- 
ported in formulating a method of test for screen anal- 
ysis of bituminous to cover screen specifications, sam- 
pling procedure and method of making the test. The 
principle has been accepted by describing coal sizes in 
terms of limiting screen sizes with tolerances for over 
and under size. 
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Some of the Boiler and Turbine 
Room Features That Contribute 
to the High Overall Efficiency 
and Reliability of This Modern 
Station*. By C. E. Miller and M. 
J. Boho, Potomac Electric Power 
Co., Washington, D. C. 











Control Features of 
Buzzard Point Station 


UZZARD POINT STATION of the Potomac Elec- 

tric Power Co. was placed in operation early in 
November, 1933. The initial installation consists of 
one 35,000 kw. General Electric turbo-generator and 
two Babeock & Wilcox 375,000 lb. per hr. cross drum 
boilers, direct fired by Riley pulverizers. Steam con- 
ditions at the turbine throttle are 675 lb. per sq. in. 
and 835 deg. F. 

Use of direct contact type feedwater heaters and the 
operation of one boiler and turbine as a unit has 
demonstrated the desirability of the numerous automa- 
tie controls provided by the designing engineers, not 
only from the standpoint of ease of operation but also 
from the point of view of overall station efficiency and 
reliability. For this reason it is believed that the con- 
trol features at Buzzard Point will prove interesting 
to those concerned with central station operation. 

Borer Room 

Coal and air for combustion are controlled auto- 
matically in accordance with steam demand by a 
Hagan control system operating from header pressure. 
Fuel feed is controlled by varying the speed of the 
d.e. motors driving the table feeders which supply raw 
coal to the pulverizers. Air is regulated by a combina- 
tion of fan speed and damper control. Hydraulic 
couplings are used for variable fan speed operation. 
Constant speed, 900 r.p.m. squirrel cage motors drive 
the fans through the oil operated couplings. 

A fan speed variation of from 20 to 98 per cent 
of motor speed is obtained by automatic regulation of 
the amount of oil in the hydraulic coupling drives. 


*See Buzzard Point Plant Supplies Power to Capitol. By H. G. Thiel- 
scher, Power Plant Engineering. November 19338, p. 478. 
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The supplementary use of dampers allows slightly 
faster response to demands in air supply in addition 
to extending the range of boiler operation to approxi- 
mately 8 to 1. The combustion control system is flex- 
ible, allowing manual or automatic operation of fans, 
dampers or feeder speed while at the same time allow- 
ing easy changing of fuel-air ratio under automatic 
operation. 

Control of primary air is novel and effective. Air 
flows in the neighborhood of 2500 e.f.m. per burner, 
are desirable in order to deliver the pulverized coal 
to the furnace at the desired fineness, to keep the coal 
from settling out in the burner pipes and to maintain 
the necessary burner tip velocity for proper combus- 
tion. As the primary air ducts to the mills, due to space 
limitations, are unsuitable for orifice installations, the 
burners themselves were used as metering devices. 

The curve shown in Fig. 1 is furnished to the oper- 
ators and in practice the burner differentials, shown 
by conveniently located gages, are maintained at the 
values corresponding to the various ratings. The 
burner differential is equal to the pressure in the 
burner coal pipe plus the furnace draft. 

Flow of feedwater is controlled automatically 
by S-C regulating valves, operating from water level, 
and pressure regulating valves, maintaining a constant 
excess pressure ahead of the feedwater controllers. A 
Ruggles-Klingemann excess pressure control varies 
the speed of the wound-rotor motor driven boiler feed 
pumps. 

Superheat control at ratings above 200,000 lb. per 
hr. is accomplished automatically by a Bailey temper- 
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ature recorder controller operating a butterfly valve 
to deflect more or less steam through the deheater 
located between the primary and secondary super- 
heaters. 

In order to prevent corrosion in the air heaters at 
low ratings, a Leeds and Northrup multipoint temper- 
ature recorder controller, with its various thermo- 
couples pressed into the coldest tubes, automatically 
operates to open a damper and recirculate hot air from 
the discharge of the air heater back to the forced 
draft fan inlet whenever any of the tubes get below 
150 deg. F. 

Controls just described make the boiler operation 
almost entirely automatic after the unit is placed on 
the line. Practically the only manual operations ne- 
cessary are the starting and stopping of one of the 
pulverizers and the manipulation of the primary air 
_ dampers. 

Heat CyciE 


The heat cycle in use is striking in its simplicity. 
Figure 2 shows in outline the arrangement of the vari- 
ous components of the station. Steam is delivered to the 
turbine throttle at 675 lb. per sq. in. and 835 deg. F. 
It passes through the turbine to the condenser with 
extraction at the 7, 11 and 14 stages for feedwater 
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Fig. 1. Calibration curves for the burners used as metering 
devices for the primary air 


heating in the three tray type Foster-Wheeler direct 
contact type feedwater heaters. The heaters are 
equipped with vent condensers and the condensate is 
deaerated at each stage. Vents are cascaded with the 
14 stage venting to the condenser. 

Condensate is raised to saturation temperature of 
the steam in each of the heaters. The use of desuper- 
heating heater between the boiler feed pumps and the 
boiler results in an increase in feedwater temperature 
of 10 deg. F. above the saturation temperature of 
steam at the 7 stage pressure under full load condi- 
tions. All makeup is evaporated and admitted to the 
cycle at the 11 stage heater. Condensate is used in the 
evaporator condenser to condense the makeup vapor. 

Control of condensate flow through the heaters 
presented a problem due to the fact that it takes ap- 
proximately 3 min. for condensate to travel from the 
inlet of the 14 stage heater to the hot surge tank at 
full load, and, because the amount of steam extracted 
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Fig. 2. Simple flow diagram of the station (a complete heat bal- 
ance for 35,000 kw. is shown on p. 567 of the December, 1934, 
issue) 


from the turbine depends to a large extent on the rate 
of condensate flow through the heaters. Smooth and 
accurate control of condensate flow was satisfactorily 
obtained, however, by arranging the Bailey control 
system to give approximately one-half the necessary 
valve opening from feedwater flow and the remainder 
from the hot surge tank level. 

This is obtained as follows: An increase in demand 
by the feed pumps increases the differential across the 
orifice in the feed pump suction and actuates a flow re- 
eorder which in turn actuates an air relay valve. As 
water level drops in the hot surge tank, the level recor- 
der also actuates an air relay valve. The effect of the 
two air relay valves is combined on a totalizing relay 
which in turn actuates the control valve admitting 
water to the 14 stage heater from the cold surge tank 
to make up for the increased demand. The equipment is 
so adjusted that a high water level is carried in the hot 
surge tank at light load and a lower level at full load. 
This drop in level thereby accommodates the delay of 
about 3 min. time in the travel of water from the 
condensate pump to the hot surge tank. 

Another of the features of the station is the ar- 
rangement of float and level controls to protect the 
turbine from any back flow of water or steam. Each 
of the three extraction leads are equipped with flap 
type Schutte & Koerting oil operated non-return 
valves. These valves act as ordinary checks and close 
at any backflow either of steam or water. In addition, 
the oil pistons are connected to the oil pressure system 
which operates the turbine governor and main throttle. 

Operation of the overspeed governor releases oil 
pressure from underneath the pistons and allows the 
three extraction valves to close simultaneously. In 
order to prevent backflow of condensate into the tur- 
bine, should the booster pumps fail to remove the con- 
densate from the heaters rapidly enough, a float oper- 
ated Mercoid on each heater operates to release oil 
pressure and close the corresponding non-return 
valve. 
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Another system of float operated Mercoid switches 
located on each heater at a slightly higher level oper- 
ates to close a valve in the condensate line to the 14 
stage when water rises in any of the heaters, caused by 
failure of the condensate booster or boiler feed pumps. 

In addition to their safety features the above men- 
tioned system of float operated switches simplifies 
station operation in that the hotwell, condensate boos- 
ter and boiler feed pumps, may be started or stopped 
in any sequence desired. 


CONDENSATE CONTROL 


In order to insure long time reliability and low 
upkeep the engineers have worked out a system of 
chemical control which incorporates a number of 
novel features. Two L. & N. conductivity recorders 
make a continuous check on the purity of the water 
leaving the hotwell, entering the boiler, water in the 
desuperheaters, evaporator shell and evaporator dis- 
tillate. The photograph in the headpiece gives a view 
of some of the cooling coils and purity cells used in 
connection with the recorders. 

In addition to this continuous record, permanent 
connections have been provided for sampling boiler 
water at the water column, desuperheater and mud 
drum. Samples of saturated steam can also be taken 
as a check on carryover and also for comparison with 
the purity of the condensate to check condenser leak- 
age. The usual connections for oxygen analysis have 
been provided at,a number of points in the cycle. 

Carefully weighed test specimens are installed in 
various locations as shown on Fig. 2, for the purpose 
of checking the effectiveness of the deaerating equip- 
ment and also the rate of deposit of any foreign ma- 
terial. To facilitate ease of examination, all of the 


samples are mounted so as to be removable with full. 


pressure on the lines. 


CHEMICAL FEED 


Ordinarly, the maintenance of proper boiler water 
conditions is simply a matter of mixing the desired 
quantity of chemicals and pumping it directly to the 
boiler drum by means of a high pressure pump. Two 
emergency conditions of particular interest have been 
provided for—maintenance of necessary alkalinity in 
the feedwater and soluble phosphate in the boiler 
drum at times of condenser leakage. 

Condensate discharge flow meter operates a set of 
contacts from each 10,000 lb. of condensate leaving the 
eondenser. The contactors through relays, operate a 
small motor to lower a swing pipe in the chemical tank 
a predetermined amount for each impulse. The chemi- 
eal drains by gravity to the dilution tank and from 
there to the suction of the condensate pumps. 

To- maintain a definite presence of soluble phos- 
phate in the boiler water a continuous feed to the 
boiler drum is provided. By means of an electrical 
timing device a high pressure pump is connected alter- 
nately to the phosphate feed tank and the clean water 
reservoir. By adjusting the time of feeding the chemi- 
cal and the time of feeding clean water, any quantity 
of phosphate can be supplied directly to the drum and 
provide protection against any emergency condition. 
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Combustion Control Equipment 
(Continued from page 96) 


routine detail and leave him free to give more atten- 
tion to combustion conditions, which may be adjusted 
manually from instrument indications. 

Furthermore this type of regulation is known as 
position control as distinguished from metered con- 
trol. That is, the dampers, fan and stoker steam 
valves are adjusted so that they take a definite posi- 
tion corresponding to the steam pressure change from 
normal. These controls must be set from operating 
tests, making the best possible adjustments for normal 
conditions. Varying characteristics of the different 
parts are coordinated as closely as possible by means 
of cams, toggles, special ported valves and compen- 
sating devices on the regulator itself. 

Metered control, on the other hand, operates from 
steam, fuel and air flow quantities, as actually meas- 
ured by suitable equipment, and maintained automat- 
ically at predetermined ratios. These ratios are 
changed at intervals, either manually or automatically 
from CO, or air flow-steam flow readings, to compen- 
sate for variations in the fuel supply. 


EQUIPMENT FLEXIBLE 


During the development period automatic combus- 
tion control systems were definitely limited to large 
installations, due to the high cost. This is no longer 
true, however, and for the past few years many manu- 
facturers have been concentrating on the small and 
medium size industrial plant problem with remark- 
able success. Complete development and operating 
experience has made simplification of the actual equip- 
ment possible at greatly decreased costs while the in- 
creased market has made it possible to adopt quantity 
production methods for much of the equipment. 

This does not mean that it is possible to buy a 
ready made control system and apply it indiscrimi- 
nately without considering the characteristics of each 
piece of equipment involved. It does mean, however, 
that the present systems are made up of standardized 
parts, which in different combinations give a flexibil- 
ity sufficient to meet all needs. 

Not every plant needs full automatic control. In 
some cases manual control, either direct or through 
remote controls, is sufficient, in others partial auto- 
matic control is desirable although an increasingly 
large percentage of plants are finding economic jus- 
tification for full automatic control. 

After all this equipment is to the boiler what the 
governor is to the engine, regulating pressure as the 
engine governor regulates speed. It would be diffi- 
cult to find an engineer who does not believe his gov- 
ernors are not only justified economically but are an 
absolute necessity, yet he operates his boilers without 
even considering a governor. This in spite of the 
fact that such a governor would enable the fireman 
to give attention to the auxiliaries and relieve him 
from the monotonous task of ‘gage gazing’ which 
can be done much better and more satisfactorily by 
mechanical means, the modern Genii of the Lamp, 
automatic combustion control; or, in the alphabetical 
spirit of the times, A.C.C. 
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Multi-Unit 
Heating Plant 


Put [nto Operation 


NIQUE among heating plants is the multi-unit cen- 
tral plant, consisting of 120 General Electric LA-5 
domestic oil furnaces arranged to operate automati- 
eally in a single battery, which has been installed dur- 
ing the past summer at Mount Holyoke College, South 
Hadley, Mass., and now in regular service. 

This new central plant comprises the major portion 
of a total of 172 G. E. furnaces installed at Mount 
Holyoke in providing a complete new heating equip- 
ment for the college. Of the 53 buildings, 24 of the 
largest and most centrally located structures on the 
campus are heated from the central plant. The rest 
of the buildings are at more remote locations around 
the edge of the campus and are equipped with single 
furnaces or with furnaces in small groups, the largest 
of which numbers ten units. 

Each of these outlying installations is individually 
adapted to the heating requirements of the building 
which it serves, a wide variety of heating systems be- 
ing included—steam, vapor, hot water, and conditioned 
warm air. These smaller equipments are conventional 
in nature, whereas the new central plant is a substan- 


tial departure from previous practice in heating plant 
design. 

This plant is housed in a low one-story and base- 
ment building occupying the space formerly used for 


the storage of fuel. It is built back into the slope at 
the lower edge of the campus and is invisible from 
nearly all directions. A -short ornamental obelisk 
serves as a high-velocity exhaust nozzle for the prod- 
ucts of combustion, and its real purpose is not readily 
discovered. 

The steam-generating battery itself consists of 24 
groups of five furnaces arranged in four rows of six, 
the furnaces in each group being arranged in a circle 
with all steam, feedwater, oil and flue pipes leading 
directly down into the basement. Groups operate as 
single units, although any of the furnaces comprising 
a group may be withdrawn from service for inspection 
or adjustment. 

Operation of the furnace battery is controlled by 
an automatic regulator, actuated by the pressure in 
the main steam drum, which brings successive groups 
into service to the number required to maintain steam 
pressure between 8 and 11 lb. per sq. in. Draft for 
the proper exhausting of products of combustion is 
provided by induced draft fans installed in duplicate 
in the basement of the plant. Fan speed is governed 
automatically by the number of furnace groups oper- 
ating, thus providing an essentially constant draft on 
each furnace regardless of the total load on the plant. 

Boiler feed pumps, also in duplicate, maintain prop- 
er water levels in the boilers, while oil pumps bring the 
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fuel from large underground storage tanks outside the 
plant to a distributing header in the basement. This 
header is at atmospheric pressure, each furnace taking 
its fuel from it separately by means of the oil pump 
which is a part of the furnace mechanism. 

Steam, automatically produced to maintain a con- 
stant pressure range in the main steam drum, is dis- 
tributed to the 24 buildings on the central system 
through underground mains, nearly all of which were 
available from the old system. The system of control 
which governs this distribution was provided by the 
Warren Webster Co., embodies great flexibility, and 
permits regulation of output down to 10 per cent of 
the maximum. This has been accomplished without 
replacing existing radiators, although in most of the 
buildings these are on ‘‘one-pipe’’ systems, which ordi- 
narily are not considered adaptable to regulation. 


A few of the G. E. oil furnaces in the central heating plant at 
Mount Holyoke College 


Balancing of radiation to heating requirements was 
effected, after careful heat-loss surveys, by orificing 
the radiators. 

In each building, a main steam valve, controlled 
automatically from the central plant, admits steam to 
the radiators in the building once every 8 min. The 
duration of admission in each 8 min. period is 
varied automatically between 45 sec. and 7 min. under 
the guidance of an outdoor thermostat at the central 
plant. In the off period, water from condensed steam 
drains back from the radiators. This arrangement not 
only provides a wide variation in the amount of heat 
that may be supplied to a building, but also prevents 
water hammer and interference of steam and conden- 
sate in the one-pipe systems. 


THE COPPER CENT is the humblest coin that bears 
the imprint of the United States government. The only 
field in which it really plays an important part is in 
the purchase of electric current, says the New Jersey 
Public Utility Information Committee. Here is what 
a single penny will do: run a clock for 83 hr.; a fan, 
6 hr.; heating pad, 2 hr.; iron, 16 min.; percolator, 25 
min.; lamp, 3 hr.; radio, 1 hr.; sewing machine, 6 hr.; 
space heater, 16 min. ; toaster, 20 min. ; vacuum cleaner, 
50 min.; waffle iron, 15 min., and washing machine, 40 
min. Where can you buy more for one cent? 
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KLECTRICALLY DRIVEN 





LTHOUGH the purpose of steam power stations 
is the generation, not the utilization, of electric 
power, nevertheless all stations use power in consid- 
erable quantities for driving necessary auxiliary ap- 


paratus. Most of the auxiliaries in the early stations 
were driven by steam engines or turbines, but the 
growth of confidence in electric drive has resulted in 
the gradual replacement of steam drive by electric 
drive in many of the old stations. 

There are many reasons why electric drive is used 
and to account for the widespread confidence in this 
type of drive. The most important of these are: 

1—The development and use. of the house turbine 
with its relatively low water rate as compared with the 
water rates of small capacity turbines, each driving 
an individual auxiliary. 

2—The development in the art of motor and con- 
trol manufacture, resulting in extreme reliability. 

3—The appreciation by the motor and control man- 
ufacturer of power plant auxiliary requirements, re- 
sulting in improved characteristics. 

4—The increased use of multi-stage bleeding. 

5—The practice of sectionalizing both the main and 
auxiliary power buses. 

6—The use of a multiplicity of auxiliary units (es- 
pecially in the case of large turbo-generators) instead 
of a single large unit. 

The principal advantages of electric drive may be 
summarized as follows: 1—Reliability. 2—Simplified 
station layout. 3—Ease of installation. 4—Low initial 
investment. 5—Simplified control. 

Simplicity and reliability are desired wherever elec: 
tric drive is used, but reliability is of first considera- 
tion in case of power station auxiliaries. For indus- 
trial applications, low first cost or greater economy 
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Steam 


FIG. 1. 


520 Hp. 360 r.p.m. 2300v. 
synchronous motor direct con- 
nected to circulating pump. 
Control panel can be seen in 
center, rear 


may come first. In the average industrial application, 
most motors are started and stopped many times per 
day and few operate for long periods without stop- 
ping. This is not the case, however, with station aux- 
iliaries as they are subjected to long, continual periods 
of operation. From the control standpoint, continual 
operation is important as infrequent operation of 
copper-to-copper contacts may result in oxidation, with 
consequent overheating of the contactors. 


ESSENTIAL AND NON-ESSENTIAL AUXILIARIES 


Aside from the main generating units, switchgear, 
transformers and control boards, the principal ma- 
chines and devices in steam generating stations are 
commonly known as station auxiliaries. These may be 
considered under two classifications, ‘‘essential’’ and 
‘*non-essential’’ auxiliaries. 

‘‘Essential’’ auxiliaries are those which must be 
kept in practically continual operation in order not 
to impair the ability of the station to carry its load. 
Such auxiliaries include the boiler feed pump, circu- 
lating pump, condensate pump, forced draft fan, in- 
duced draft fan, primary air fan, pulverized fuel 
feeder, stoker, and unit-type coal pulverizer. 

‘*Non-essential’’ auxiliaries are those which can be 
taken out of service for appreciable periods without 
materially affecting the ability of the station to carry 
its load. In this class appear the air compressor, cen- 
tral coal pulverizer, clinker grinder, coal crusher, coal — 
handling equipment, conveyors, service pump, and ven- 
tilating fan. 

The ‘‘essential’’ auxiliaries seldom can be shut 
down for longer periods than from 15 sec. to 3 min., 
while with the ‘‘non-essential’’ auxiliaries the allow- 
able time of interruption may be indefinite. 
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AUXILIARIES 
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By S. C. SMITH, Industrial Engineering Dept. 
General Electric Company 


To increase the dependability of the whole station, 
auxiliaries of major importance frequently are installed 
with duplicate reserve equipment, while auxiliaries of 
minor importance are installed without reserve equip- 
ment. The following tabulation indicates modern 
trends in this respect. 








Unit Reserve Capacity 
Boiler feed pump.......... 100 per cent spare capac- 
ity, or one spare for two 
or more operating units. 
Circulating pump.......... Two pumps per condenser, 
or 100 per cent spare 
capacity. 
Condensate pump.......... 100 per cent spare capac- 
ity. 
. Draft fans, primary air fan, 
pulverized fuel feeder, pul- 
verizer and stoker........ Seldom any spare capacity 
provided. 





Any type of motor and control used with the 
“‘essential’’ auxiliaries should be so arranged that a 
momentary interruption of voltage will not shut 
down the drive. In case of a prolonged interruption 
of voltage, the auxiliary should automatically go back 
into operation with return of voltage. With ‘‘non- 
essential’’ auxiliaries it is usually satisfactory to start 
them by hand after an interruption of power. 


Morors 


Nearly all power plants generate alternating cur- 
rent power and therefore it is advantageous to use 
alternating current motors as far as possible. Most of 
these motors as built today have the windings ade- 
quately braced for full voltage starting, and in gen- 
--eral the mechanical construction of the motors are 
adequate for the long continual service encountered 
in power station auxiliary drive. 

Where open motors built in skeleton frames are 
subjected to dripping water, oil, etc., drip covers may 
be provided at a small additional cost. In recent years, 
considerable preference has been shown for the closed 
box-frame construction for motors in the larger sizes 
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to give the same protection. Open motors driving 
draft fans, stokers, pulverizers, clinker grinders, etc., 
should have insulation to guard against the dust and 
dirt present in the ventilating air taken by the motors. 

If there is considerable coal and ash dust, dirt, etc., 
around the motor installation, some type of totally 
enclosed motor construction should be used for small 
and medium size machines. Large motors may be 
arranged for forced or self ventilation, bringing clean 
air to the motor through pipes or ducts, where the cost 
is less than using totally-enclosed, fan-cooled con- 
struction. 

Motors having commutators or collector rings may 
have solid covers over the upper openings in the end 
shields on the commutator or collector ring end to 
give additional protection. In some cases it is desir- 
able to totally enclose the rings but still to use the 
open frame motor. The rings are then mounted out- 
side the bearing housing in dust-tight enclosures. 

The various types of motors used are given below 
with a general description of each type. 

1. Single-speed, Squirrel-cage Induction Motors 

Wherever possible, the single-speed squirrel-cage 
induction motor should be used as it is the simplest, 
sturdiest and least expensive type of motor available. 
Also, its control is extremely simple. Because of its 
low cost, the normal starting current, normal starting 
torque design is generally used where unusually high 
starting torque or unusually low starting current is 
not required. Motors of this design have high effi- 
ciency and high power-factor. 

In some cases, the starting inrush current to motors 
of this design may be undesirably high, thus justifying 
the slightly increased cost of the low starting current, 














Fig. 3. Enclosed 
self - ventilated 
motor 


normal starting torque type of motor. Then efficiencies 
are equal to or only slightly lower than those of nor- 
mal starting current motors, but the power factors 
may be several points lower. Motors of both designs 
are used to drive boiler feed, circulating, condensate 
and service pumps, and forced and induced draft fans. 

For a few drives such as conveyors, crushers, and 
pulverizers, higher starting torques than are provided 
by the above designs usually are required. Low start- 
ing current high starting torque motors are available 
for these cases. Some sacrifice in efficiency and power- 
factor are required to obtain the high torque and low 
current characteristics. 

2. Wound-rotor Induction Motors 

Where speed changes are required, wound-rotor 
motors are used more frequently than any other type. 
These motors are also commonly used where the start- 
ing current of squirrel-cage motors are too high or 
where the advantages of increment starting current 
and torque are desired. 

The wound-rotor motor possesses adjustable-vary- 
ing-speed characteristics and is widely used to drive 
forced and induced draft fans and pumps. Speed re- 
duction is obtained by inserting external resistance in 
the secondary circuit. Because of its series charac- 
teristics, the speed regulation of the motor increases 
with the resistance in the secondary circuit and limits 
the recommended speed reduction to 50 per cent or 
60 per cent, since with greater reduction it becomes 
unstable—i. e., small changes in load torque result in 
- large changes in motor speed. Wound-rotor motors 
are not usually recommended for driving stokers or 
pulverized fuel feeders where the torque fluctuates 
widely and a wide speed range is required. 

The efficiency of a wound-rotor motor when oper- 
ating with no external resistance is slightly lower than 
that of a comparable squirrel-cage motor. The effi- 
ciency decreases as the speed is reduced and at 50 
per cent speed for a given torque is approximately 
50 per cent of that which the motor would have at 
the same torque with no external resistance in the sec- 
ondary circuit. 

3. Multi-speed Induction Motors 

a. Squirrel-cage multi-speed motors. 

Multi-speed, squirrel-cage, induction motors in 
power stations are used chiefly for driving circulating 
water pumps, stokers and draft fans. These motors 
may be designed for two, three or four definite speeds, 
and the principal use of two-speed motors is for cir- 
culating pumps. Three and four-speed motors are used 
for stoker and fan drive. 
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b. Wound-rotor multi-speed motors. 

When neither the standard wound-rotor motor nor 
multi-speed squirrel-cage motor provides sufficient 
speed reduction or the desired number of steps, multi- 
speed wound-rotor motors are sometimes used. This 
type of motor is sometimes used for fan drive and 
compares favorably in cost with two separate wound- 
rotor motors, as well as occupying less space. 

4, Alternating-current Brush-shifting Motors. 

a. Shunt type motors. 

This type of motor is an adjustable-speed machine 
with a speed characteristic similar to that of a shunt- 
wound direct-current motor; i.e., the speed is practi- 
cally constant for a given brush setting irrespective 
of load changes. It is, therefore, commonly referred 
to as a shunt-type a-c. brush-shifting motor. The max- 
imum commercial voltage for which it is available is 
550 volts. ~ 

Standard motors are available in capacities up to 
about 50 h.p. with speed ranges of 3:1 and 4:1. The 
following table indicates the usual speeds for which 
standard 60-cycle motors are designed. It should be 
noted that these motors are capable of operating above 
synchronous speed. 








R.P.M. 
3:1 Speed Ratio 
3to15 inclusive 1650/550 6 
25 to 40 inclusive 1250/415 8 
50 1000/333 10 
4:1 Speed Ratio 

2tol0inclusive 1760/440 6 
20 to 30 inclusive 1333/333 8 
40 1070/267 10 


Horsepower Poles 





Speed adjustment for this type of motor is obtained 
by shifting the brushes by hand, remote mechanical 
(sprocket and chain) or electrical (pilot motor) means. 

The chief uses for these motors in power stations 
are for driving stokers and coal feeders where adjust- 
able speed in fine steps over a wide range is required. 
They are also used to drive small fans but cannot be 
built with sufficient capacity to handle the larger units. 
Because such a machine includes the elements of an 
induction motor and a direct-current motor, its cost 
is higher than that of a wound-rotor motor but com- 


Fig. 4. 6 pole 10/2.5 hp. 1760/440 r.p.m., 440 v., 3 phase, 60 cycle, 
adjusting speed brush shifting motor driving a chain grate stoker 
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pares favorably with the cost of a direct-current mo- 
tor and necessary a-c. to d-c. motor-generator set. 
Moreover, it requires less space, is generally more effi- 
cient, and requires very simple control. Its power- 
factor is high at top speeds and holds up well at re- 
duced speeds. 

b. Series-type motors. 

In larger sizes, adjustable-speed a-c. brush-shifting 
motors having a speed characteristic similar to that 
of a wound-rotor motor are available. 

They can be built for operation on either high or 
low voltages and are available for speed ranges up to 
3:1, and in special cases somewhat more. For a 3:1 
range and fan drive, the maximum motor output for a 
60-cycle machine is about 15 h.p. per pole. Where 
greater capacities are required, the employment of 
special windings practically doubles the obtainable out- 
put per pole but adds considerably to the cost. 

These motors are used in power plants chiefly for 
driving the draft fans. Although necessarily built 
with a commutator, the voltage between segments is 
low and moderate conditions of coal and ash dust gen- 
erally have no detrimental effects. 

In general, the speed of the motor can be adjusted 
by shifting the brushes by any of the methods previ- 
ously described. 

5. Direct-current Motors. 

Although a few power stations use direct-current 
equipment extensively, direct-current motors in general 
enjoy only a limited field of application in power plants. 
For auxiliary drive, their use is practically restricted 
to stoker and fuel feeder applications although a few 
direct-current motors are used to drive fans and 
pumps. The choice of direct-current drive for stokers 
and fuel feeders is based primarily on the suitability 
of the direct-current machine for wide speed adjust- 
ment in small steps. 

6. Synchronous Motors. 

The number of synchronous motors applied to 
power station auxiliaries is limited, chiefly because in- 
duction motors are simpler. 

However, induction motors designed for low speeds 
have low power factor and efficiency, and are rela- 
tively expensive. Low-speed synchronous motors, on 
the other hand, can be designed for unity (or leading) 
power-factor and high efficiency, and are generally less 
expesive than induction motors of comparable rating 
for speeds below 450 r.p.m. 

Thus, for slow-speed drives such as reciprocating 
compressors, certain types of pulverizers, circulating 
pumps and vacuum pumps, direct-connected synchron- 
ous motors are especially applicable, as better operat- 
ing characteristics are usually obtained at a lower in- 
vestment. 

7. Gear-motors 

The recent development of gear-motors provides 
an efficient low-speed drive which is applicable to many 
relatively small power station auxiliaries, such as 
stokers, fuel feeders, coal handling equipment, damper 
drives, etc. These gear-motors are available for oper- 
ation on direct-current, single-phase or polyphase a-c. 
circuits. 

Editor’s Note. The question of control of electrically driven 


auxiliaries will be discussed in another article by Mr. Smith in a 
subsequent issue. 
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Winter Care of Air Condi- 
tioning Equipment 
By L. G. Hueeins* 


HERE ARE a number of precautions which should 
be taken in preparing an air conditioning system 
for the inactive winter season. The refrigerant should 
be removed from the system and stored in the liquid 
receiver of the condensing unit, to avoid loss due to 
leaks occurring in the winter. With a compressor 


‘standing idle for a long period of time, the oil on the 


face of the seal may be dissolved by the refrigerant, 
leaving this seal face dry and the possibility of refrig- 
erant escaping at this point is greatly increased. 

All water should be removed from the condenser, 
and in the case of water-cooled compressor, from all 
cooling jackets. Many condensing units are built with 
spiral coils so arranged that water will not drain from 
them completely by gravity. Therefore, the safe pro- 
cedure is to blow all water out of the cooling coils by 
means of compressed air. A small tank of compressed 
air is usually carried to the job by the service man 
for this purpose. 

Many condensing units have automatic water regu- 
lating valves which are normally closed when the con- 
densing unit is not in operation. It is usually pos- 
sible to remove the valve seat from, these valves so 
that water can be readily blown out. Unless this valve 
is opened, it will not be possible to completely remove 
water from the system. 

After water has been removed from the condenser 
the safest procedure is to disconnect the water pipe 
leading to the condensing unit and cap this pipe. 
Usually a union will be found near the machine which 
will make it easy to remove this water connection. This 
precaution will prevent tampering with the water valve 
during the winter or accidentally admitting water to 
the condenser. 

All unpainted iron or steel surfaces of the condens- 
ing unit, such as couplings, shafts, and other bright 
parts, should be wiped with an oily cloth to provide 
a thin film of protecting oil to prevent rusting during 
the winter. A cover of heavy paper, muslin, or similar 
material should be placed over the condensing unit and 
securely tied into place. This cover will keep the unit 
clean and free from dust or dirt. 

Electric power and control circuits to the condens- 
ing unit should be opened to prevent accidentally 
starting the unit during the winter. This can usually 
be accomplished effectively by removing the fuse from 
the safety switch, and tagging the safety switch calling 
attention to the fact that the circuits are disconnected 
and should remain disconnected until desired to again 
start the apparatus. In clearing the electrical circuits 
to the unit, the engineer should make sure that he does 
not also interrupt the power circuit to the fans in the 
air conditioning unit or the control circuits for the 
humidifier or heating equipment if this part of the 
air conditioning unit is to be used for winter opera- 
tion. 


*Westinghouse Elec. & Mfg. Co. 








Replacement of Coal Fired Boilers 
by Klectric Steam Generator 


Montreal Dairy Plant Installs Electric Boiler Equipment 
Capable of Furnishing 10,000 Lb. of Steam Per Hour. 


LECTRICITY is used to make steam, instead of 

the customary process of steam being used to 
make electricity, in a new hydro-electric steam gen- 
erator recently put into service in the Montreal milk 
and ice cream plant of J. J. Joubert, Limitee. This is 
believed to be the first installation of its kind for large 
seale dairy work in Canada or the United States. 

J. J. Joubert is one of the outstanding and largest 
dairy establishments in Montreal. It was incorporated 
in 1910 by members of the Joubert family and, despite 
its growth and success, it has remained largely a 
family-operated enterprise. 

Four coal-fired steam boilers of 150 hp. each are 
replaced in the Joubert plant by the new steam gen- 
erator which is of the water resistance type. In such 
an installation, electrodes are submerged in water and 
heat is generated by the passage of current through 
the water between the electrodes, the water itself 
forming the resistance. 


It is estimated that, at the present price of coal in 
Montreal, steam made in coal-fired boilers would cost 
about 46 cents per thousand pounds. During the first 
month of the new generator’s operation, the steam 
made by electricity cost 32 cents per thousand pounds, 
a reduction of 14 cents. The plant is using about 
90,000 lb. of steam a day. 

‘“The new generator provides unusually clean plant 
conditions as well as favorable cost operation,’’ it was 
declared by E. J. Lockwood, consulting engineer from 
New York City, who recommended and supervised the 
installation. ‘‘We have eliminated smoke completely 
and have ended fuel waste and standby losses. With 
this generator, it is possible to get steam up to 110 lb. 
in 15 min.’’ 

During the past two depression years there has been 
a trend throughout Canada toward the use of hydro- 
electric power for the generation of steam. Various 
Canadian paper mills were early users of electricity 
for this purpose and two years ago it was declared that 
some 87 per cent of the installed capacity of electric 
boilers was in paper mills. ; 


Novet MetHop or ContTrRoL By SautT SOLUTION 


One of the unusual features of the Joubert installa- 
tion is its ease of control. The flow of steam can be 
regulated by a control system which injects a small 
amount of salt into the boiler feed water to increase 
its conductivity. Various other control mechanisms are 
on the panel such as safety switches and low water 
alarm, as well as duplicate safety valves. 

Mr. Lockwood’s attention to the possibility of in- 
stalling an electric steam generator in the Joubert 
plant was attracted by the activity in this direction of 
the paper mills. 

‘“We had a proposal from a power company to 
furnish electric power for one mill per kw. hr.,’’ he 
declared. ‘‘That meant that the power company was 
willing to furnish the heat equivalent of 3415 B.t.u.’s 
for one mill. Our steam at 100-110 lb. pressure con- 
tains a total of about 1189 heat units. 


Borter EFFICIENCY OF 98 PERCENT 


‘If our average feed water temperature is 90, we 
had an equivalent of 3 lb. of steam for one mill, or a 
steam cost per thousand pounds of 3314c. Our feed 


Fig. 1. View of boiler 
room, showing old coal 
fired boilers and new 
electric steam generator 
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water temperature is very much above 90, so that we 
are getting even better than 3 Ib. efficiency per kw. 
from this boiler—the only losses possible being the 
radiation on the boiler of the amount of heat lost in 
the blow-downs to correct the mineral content of the 
water. With the installation of a heat exchanger, 
most of the heat from this blow-down water is recov- 
ered and the boiler efficiency is nearly 98 per cent.’’ 


The new Joubert boiler is of nominal 200 hp. ¢a- 
pacity with an overload rating of 60 per cent, giving 
a possibility of 300-325 hp. According to the steam 
flow meter, 10,000 lb. of steam have been taken per 
hour over a period of several hours, without trouble. 
The voltage used is 12,000 v. 

Three cast iron electrodes about 10 in. in diameter 
are arranged in a triangular form within the boiler 
which is about 30° in. in diameter and 10 ft. in height. 
The space occupied by the boiler is about 10 ft. square 
and requires for dismantling a total height of 25 ft. 
in order to raise the electrodes clear of the top of the 
boiler for any possible repairs or cleaning. 

Without any water in the boiler no current flows 
but as soon as water is pumped into it and the bottom 
‘of the electrodes are covered, current starts to flow. 
The more the electrodes are submerged, the more 
steam is obtained from the_boiler. In other words, 
the amount of steam is increased by pumping addi- 
tional water into the boiler.” 

‘‘There is another control also, called the Eaton 
system, by which the flow of steam can be increased 
by the injection of a small amount of salt into the 
boiler feed water to increase its conductivity,’’ Mr. 
Lockwood said. ‘‘This control functions almost in- 
stantaneously and is operated automatically from the 
electric switchboard. 

‘* As the pressure increases beyond a predetermined 
point, the blow-down valve is opened automatically 
and a small portion of the concentration of salts in 
the bottom of the boiler is blown off. The current fiow 
at once is decreased on account of the lessened con- 
ductivity of the water and the steam pressure de- 
creased. 

‘“‘The steam pressure can also be decreased by 
throttling the amount of water fed to the boiler and 
lowering the water level. This is accomplished by a 
regulator which maintains a constant pressure on the 
feed water. As pressure drops in the boiler, the pump 
increases its speed and pumps more water which gives 
greater submergence on the electrodes and at once in- 
creases the flow of steam.”’ 
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Fig. 2. Electric steam generator and control panel 


The main switch of the generator is of remote con- 
trol from the switchboard and disconneet switches are 
mechanically interlocked with the main oil switch. It 
is impossible to operate the disconnect switches before 
the oil switch is opened. 


FLUCTUATION OF STEAM Loap EaAstny HANDLED 


Formerly three of the four coal-burning boilers in 
the Joubert plant. were in operation most: of the time 
because of the fluctuation of the steam load. This 
fluctuation has been almost entirely eliminated by the 
ability of the electric boiler to function almost in- 
stantly on a varying load. To smooth out the load 
still more, one of the coal-fired steam boilers is being 
used as a steam accumulator. 

The use of electric steam generatdrs offers many 
advantages but of course it is feasible only where a 
considerable amount of power is available at extremely 
low rates. This means, of course, that it must be 


hydro-electric power. But where they can be used as 


in this particular instance this type of equipment is 
extremely desirable. It is clean, reliable, and con- 
venient. Their safety and freedom from fire and) ex- 


‘plosion risk makes it possible to install them where 


fuel equipment could not be used or where. the insur- 
ance cost would be excessive. Their operation is auto- 
matic, relieving the user of the care, labor and atten- 
tion needed with fuel apparatus. Their use, however, 
is entirely dependent upon the relative costs of fuel 
and _ electreity. 
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Further Consideration 
of Brush Phenomena 


By R. M. BAKER 


Research Engineer 
Westinghouse Electric & Mfg. Co. 








Voltage Drop im 
Electrical Sliding Contacts 





HEN we observe the 
W polished face of a car- 
bon brush that has been 


N the November 1934 issue we presented 


brush face will come into 
contact with the ring sur- 
face. This continues until 





collecting current from a 
slip ring, it appears mirror- 
like in its smoothness. As 
compared to optical sur- 
faces, however, the polished 
brush surface would be 
considered very rough. If 
the surface is viewed under 
a microscope, one observes 
first of all the identity of 
the indvidual grains of the 
materials used in making 
the brush. Furthermore, 
if the microscope is focused 
carefully om the individual 
grains, they are found to 
differ in height by several 


an article by R. M. Baker of the Westing- 
house Electric and Manufacturing Co. on the 
subject of Electrical Sliding Contacts. This 
article discussed some of the fundamental 
aspects of brush operation. Now, in another 
article, Mr. Baker continues his discussion of 
this interesting subject with the practical and 
theoretical consideration of Voltage Drop in 
Sliding Contacts. As in the case of the first 
article this present article is presented here 
by special permission of the Electric Journal 
in which it first appeared. These studies in 
brush action have already given us a much 
better understanding of commutation and 
collecting ring problems and will undoubt- 
edly result in improved operation. 


full brush pressure is 
reached and the contact is 
completely formed. Obvi- 
ously the balance in each 
case occurs when the sum 
of the small areas where 
the brush touches the ring 
is sufficient to support the 
applied brush _ pressure 
without further deflecting. 
Now, some of the small 
supporting areas (the new- 
ly formed areas) will not 
be supporting as great a 
share of the total brush 
spring pressure as_ those 
small areas at which the 


ten thousandths of an inch; 


brush material has been 





that is, there are certain 

very small areas that are 

high or protruding and others that are lower or de- 
pressed. An observation of the ring surface on which 
the brush slides also shows such irregularities, depend- 
ing in magnitude upon the degree of finish on this 
surface. 

With this knowledge of the roughness in the con- 
tact we can understand the manner in which the 
contacting surfaces come together. To simplify the 
mental picture, assume that in comparison to the rough- 
ness of the brush face the ring surface is perfectly 
smooth. As the brush is pressed at first very lightly 
against the ring surface, only the high point or points 
of the brush face will bear on the ring surface. Since 
the brush material is somewhat elastic, a further in- 
erease in pressure will deflect the original small points 
of contact and some of the depressed points of the 
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further depressed. The ulti- 

mate load which a small 
area can carry is limited of course by the crushing 
strength of the carbon. Let us assume that this is 
20,000 Ib. per sq. in. and that we have a pressure of 
2.5 pounds on a contact area of one square inch. To 
carry the total brush pressure of 2.5 lb., an actual 
contact area of only 2.5/20,000 or 0.000125 sq. in. 
would be required. That is, to support the brush 
spring pressure, it is necessary to have, at any one 
time, only about one one-hundredth of one per cent of 
the brush face in contact with the ring. This figure 
checks very well with what is found from electrical 
measurements. The condition in the contact is obvi- 
ously a dynamic one. Conditions of the surfaces are 
continually changing. There is some abrasion as well 
as impacts between small irregularities on the two sur- 
faces to cause this change. The greatest factor 
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by far, however, is the so-called electrical wear of the 
brush. This phenomenon appears to take place in such 
a manner as to maintain practically a constant condi- 
tion of roughness in the brush face. 


Types oF CoNTACTS 


The foregoing picture of the mechanical conditions 
in a sliding contact is obviously applicable regardless 
of the material from which the ring is made. The only 
requirement to be fulfilled is that the ring surface be 
essentially smooth. The ring may be made from iron, 
copper, brass, gold, or platinum. It may even be made 
from carbon, although in this case the roughnesses of 
the ring surface will be comparable in magnitude to 
those in the brush face. The electrical contact drop 
on the different rings will, however, be quite different, 
for a mechanical contact between the brush and ring is 
not necessarily a good current-carrying contact. This 
means that electrically, sliding contacts may be divid- 
ed into two major groups or types: contacts with, and 
contacts without oxide films. A given ring-and-brush 
combination may in some cases be capable of produc- 
ing a contact of both types. For instance, the contact 
between a graphite brush and a silver ring shows the 
presence of an oxide at room temperature; whereas on 


Contact Drop—Volts 





Current Density—Amperes-per Square Inch 


Fig. 1. Characteristics of sliding contacts. The shape of the curves 
results in an explanation of how current is conducted across a 
sliding contact 


heating the silver ring to 200 deg. C. the oxide dis- 
appears, and the contact has all the characteristics of 
an oxide-free contact. 


ELEcTRICAL CONDITIONS 


Oxide-Free Contact—What kind of a volt-ampere 
characteristic should be expected from an oxide-free 
contact? Suppose a graphite brush is operating on an 
oxide-free metal ring, say, a gold ring. As already 
pointed out, the current must converge in the brush to 
the small areas of contact, distributed uniformly over 
the brush face; and since their total area constitutes 
only about one one-hundredth of one per cent of the 
total area of the brush face, they are extremely small. 
Consequently, the current must concentrate and flow 
through a greatly reduced section of brush material 
just before it flows across contact and into the ring. 
Since the cross section of the brush material through 
which the current flows is small, it has considerable 
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resistance, and there is in the brush, as a result, an 
appreciable voltage drop. No method of measuring 
contact drop can distinguish between this drop in the 
brush matefial very near the brush face and an actual 
drop in the contact. We therefore measure this volt- 
age and call it, perhaps falsely, contact drop. There is 
no actual drop in the contact, for the brush makes in- 
timate electrical contact with the ring. Since the re- 
sistance we measure in such a contact is only that of 
the carbon material, it must remain constant so long 
as the resistivity of the carbon is not changed as a 
result of heating. Although the current density in the 
restricted region is very high, the temperature rise is 
small.* This type of contact, then, would be expected 
to have a constant resistance, or linear volt-ampere 
characteristic. Observations verify exactly this con- 
clusion. 

Oxide-Containing Contact—The familiar contact be- 
tween a carbon brush and an iron or copper ring is 
much more complicated. These metals oxidize very 
rapidly when exposed to the air, and a large part of 
the measured contact drop is due to the disturbing in- 
fluence of the oxide. The mechanical conditions in the 
contact are probably not directly affected by the pres- 
ence of the oxide, for the thickest oxide films are still 
thin as compared to the mechanical roughnesses of the 
polished brush face. We must believe that the current 
of the brush converges in the brush to the small con- 
tact areas in the brush face just as if the oxide were 
not present. To get across into the ring it must, how- 
ever, subsequently flow through the thin sections of 
oxide which insulate the brush, at the small areas of 
mechanical contact, from the ring. The contact drop 
in this case is made up of two parts: the resistance 
drop just inside the brush face, and the additional 
drop in the oxide. 


Typical volt-ampere curves for a graphite brush 
operating on a copper slip-ring are shown in Fig. 1. 
The shape of these curves has been much discussed, for 
the explanation must result in an understanding of 
how current is conducted across a sliding contact. The 
characteristic of an oxide-free contact is also shown in 
the straight line curve of Fig. 1. Even at normal cur- 
rent density the resistanee of the oxide-containing con- 
tact is still considerably higher than that of the oxide- 
free contact. As the current density is increased 
through the oxide-containing contact its resistance 
gradually decreases and would apparently reach the 
low value of the oxide-free contact at sufficiently high 
current density. Thus one is lead to the conclusion 
that the decrease in resistance of the ordinary contact 
with increasing current is due to a breakdown or re- 
duction in resistance of the semi-insulating oxide film. 
The exact process by which this is accomplished is only 
poorly understood at present. The important thing to 
realize is that sliding contacts, when clean, do not ex- 
hibit the peculiarities ordinarily attributed to them. 
The mechanism of current transfer involves no new 
phenomena and is easily understood. The peculiar 
variable-resistance characteristic of a sliding contact 
appears only when the contact is disturbed by a semi- 
insulating oxide film. 





*“Plectrical Sliding Contacts,” R. M. Baker, on page 528, No- 
vember 1934 issue. 
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PracticaAL APPLICATION OF OxIDE-FREE ContTACcTS 


An oxide-free contact finds an important applica- 
tion in collecting small currents, such as required by 
metering circuits, from the rotating parts of electrical 
machines. If the ring or brush used in collecting such 
currents is oxidizable, it-is possible to build up a high 
resistance in the contact, which will introduce serious 
errors in the readings of instruments. For instance, a 
carbon brush having a contact area of one square inch 
and operating on a copper slip-ring with a resistance 
of only about 0.02 ohm at a current density of 50 amp. 
per sq. in. will have a resistance of several hundred 
ohms at a current of a few milliamperes. An oxide- 
free contact of the same size would have a contact ‘rez 
sistance of only about 0.004 ohm at normal current 


oe ~~ a 
RING | RING RING 
8 c 


Fig. 2. An exaggerated view of a carbon brush coming in con- 
tact with a slip ring. The microscope shows a roughness of the 
grains, (a), even when the brush appears mirror like, and only the 
high points touch the ring surface when the brush is first 
slightly pressed against it. Full brush pressure deflects the higher 
points and brings into contact some of the lower points. (c) This 
condition is dynamic, for the surface characteristics change 
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density and more important, would maintain this low 
value even at the very lowest currents. A combination 
which has given very satisfactory performance in this 
application is a graphite brush operating on a carbon 
or graphite ring. 

A very special oxide-free contact was produced sev- 
eral years ago by operating brass rings with graphite 
brushes in an atmosphere of hydrogen and mercury 
vapor. The hydrogen (commercial) reduced the rate 
of oxidation of the rings; and after a few minutes 
operation, aided by the slight abrasion of the brush, 
the mercury was able to amalgamate the small areas 
of the ring at which the brush was making contact. By 
this process the effect of the oxide was removed from 
the contact, and it operated as an oxide-free contact. 
It was possible with this arrangement to carry a cur- 
rent density in the graphite brushes of 100 amp. per 
sq. in. with a contact drop of only 0.1 v. The low con- 
tact drop of such an arrangement coupled with the 
desirability of the linear volt-ampere characteristic 
should make it especially applicable as a current-col- 
lecting device. 


FutTurE TREND 


One application of sliding contacts is for the collec- 
tion of heavy currents from slip rings. In this applica- 
tion it is desirable to be able to carry a high current 
density and at the same time be assured of long brush 
and ring life. The metal graphite brush used today 
has the ability to carry high current densities but is 
often far from satisfactory as regards brush and ring 
life. The same current density could be carried by 
_a good graphite brush operating on an oxide-free 
ring. The advantages of such a combination are ob- 


116 


- 





vious. The contact-drop will be just as low as with 
the metal-graphite brush, whereas the ring and brush 
life should be much better. Furthermore the linear 
relation between current and voltage drop will insure 
equal current division between brushes operating in 
parallel. Thus it seems probable that in the future, a 
great effort will be made to develop oxide-free con- 
tacts for collecting high currents. 

The other principle application of sliding contacts 
is on commutator machines, where the brush must ex- 
ert a certain corrective effect in the armature coils 
undergoing commutation. The high contact drop of 
an oxide-containing contact, it has been generally 
felt, is essential in this application for satisfactory per- 
formance. Whether this conclusion is true or not is 
at present not known and can be determined only by 
trial. It could be readily tried by constructing a com- 
mutator from carbon. It would be interesting to know 
if a machine operating with the inherently low contact 
drop of carbon on carbon would commutate the cur- 
rent as well as the high-resistance contact on a copper 
commutator. As is well known, the copper-graphite 
brush with its low contact drop will not commutate 
a direct-current machine, but here the conditions are 
entirely different. In this case the specific resistivity 
of the brush material is low. The conclusion is that 
the carbon commutator would perform very well. 


Air ConpDITIONING and its effect on improving health 
and reducing employee lost time has been made the 
subject of an extensive investigation by the Industrial 
Sales Department of the Philadelphia Electric Co. 
From studies made of offices before and after the 
installation of air conditioning equipment and in some 
cases by comparing conditions from air conditioned 
offices with average conditions it was determined that 
air conditioned offices showed an average decrease in 
lost time of around 50 per cent. 

Evaluated at five dollars a day the saving was 
estimated to represent $11.90 per employee, equal to 
approximately one-half the average owning and oper- 
ating cost of an air conditioning system of about $24 
per employee per year. These costs of installation and 
operation were estimated for an office of about 6000 
sq. ft. and based on 75 sq. ft. per person. The interest 
and depreciation charge and the operating cost are 
about evenly divided, the total amounting to about 
$0.32 per sq. ft. per yr. 

Analyses of lost time show that about 75 per cent 
of the total absence from work is due to colds, coughs 
and grip which are largely eliminated after the cause 
is removed by air conditioning. It is also helpful in 
all diseases of the respiratory system, especially with 
hay fever and pollen-asthma. 

Another important advantage of air conditioning 
lies in the decreased labor turn over during the sum- 
mer. A study made in a Philadelphia cigar manufac- 
turing plant showed air conditioning reduced the labor 
turn over by 100 girls during the hot season, thus 
materially decreasing training expenses. Furthermore, 
a normal decrease of about 10 per cent in production 
per machine was eliminated and the normal lost time 
of 50 girls per day for a 75.day period was reduced 
to five girls per day for a 75 day period. 
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Modern Refrigeration in plants 
uses electric drive and the en- 
gineer must pay particular at- 
tention to machine and motor 
characteristics in order to get 
the best service from both 





Refrigeration Machinery 


Motor Drives and Control 


Motor Design Has Kept Pace with Refrigeration Plant Progress and 
the Author Shows the N.A.P.R.E. Why It Behooves the Engineer 
to Give Close Attention to the Machine and Motor Characteristics. 
By R. C. Allen, General Engineer, Westinghouse Elec. & Mfg. Co. 


N THE OLDEN DAYS a motor was just a motor. 

It drove a lineshaft and belting or other simple 
drive and the starter was a simple switch. No par- 
ticular thought was paid to starting torques, starting 
current limitations, efficiency or power factor. Just 
get the motor running and let it pull the load. One 
often hears old timers remark on how these motors 
would take abuse. One wouldn’t, however, consider 
buying a motor of that design today. It would cost 
too much, not only in the way of horsepower rating, 
but, in the amount of power consumed for the load 
delivered because of poor efficiency and the penalty 
for low power factor. 

Overload capacity of these motors was a matter 
of copper and iron. Given the same weight of each 
today and the designer gives a motor that will do 
even more in pulling a load than the old motor ever 
thought of doing and do it at an efficiency and power 
factor only dreamed about by the old designer. 

A refrigerating plant designed today is not the 
same as a few years ago either and requirements for 
compressor, agitator, pump and blower drive have 
each become an individual motor drive with more 
specific and exacting requirements than most people 
realize. The motor manufacturer appreciates this and 
in turn attempts.to offer a motor and control with 
characteristics that efficiently meet the requirements 
for each drive. These and other requirements have 
resulted in the necessity of an innumerable variety of 
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motors and control for the whole field of electric drive, 
but, it presupposes that care will be exercised in the 
selection of the drive. A wrong choice more than off- 
sets the gain to be had by new type motors. 

It is therefore desirable that in the study of refrig- 
eration and refrigerating equipment some thought be 
given to the characteristics of motor drives and their 
correct application so that the right selection be made. 
To do this intelligently you must know the following: 

Driven machine: Horsepower at rated capacity; 
full load speed; starting torque required; reduced 
capacity conditions; effect of the above on torques. 

Power current: Volts, phase and cycles available; starting 
current allowed; possible voltage variations. 

Motor: Normal or full load rating; starting and pull-out 
torque; starting current; continuous or intermittent operation; 
special enclosures or impregnation. 


Control: Magnetic or manual; full voltage or reduced voltage 
starting; hand or full automatic; continuous or variable speed. 


Choice for most of the above may be self evident 
but one of the most important is not so evident. That 
is the torque requirements. The starting torque of the 
centrifugal pump and that of the reciprocating com- 
pressor are entirely different and require different 
types of motors. 

Torque is the turning effort required to revolve 
or turn over the unit and is generally given in the 
equivalent terms of pounds pull at 1 ft. radius. Start- 
ing torque is the force required at the time of starting 
or the first few revolutions.: It includes. the ‘‘break- 
away’’ torque and any load torque that may exist 
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during the first few revolutions. Load torque is the 
force required to handle the load at the particular 
speed being considered. While the unit is accelerating 
there is a friction torque and a load torque for every 
particular revolution. Full load torque is of course 
the torque at full load speed. 

Accelerating torque is that available for acceler- 
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Fig. 1. Torque variation of a centrifugal pump and on the same 
chart synchronous motor torque at 60, 80 and 100 per cent voltage 


ating the unit, the amount in excess of the load torque 
at a particular speed. If the torque delivered by the 
motor is not in excess of the torque of the load for 
that particular speed the unit cannot accelerate above 
that speed point. The greater the accelerating or ex- 
cess torque the faster the unit will be accelerated to 
full speed where again the load torque is just the 
same as the motor torque delivered. 
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Fig. 2. (Left) Torque of an 
ammonia compressor starting 
under load 


Fig. 3. (Right) Torque of an 
ammonia compressor starting 


unloaded 





This will be clearer by considering the curves of 
the driven unit and the driving motor. Figure 1 is 
that of the centrifugal pump starting up from rest 
to full speed where the torque, (except for friction) 
increases as the square of the speed. It will be seen 
that the load torque at start, due to friction is shown 
as about 5 per cent of the full load torque. The 
actual starting torque value depends upon local con- 
ditions and might be even 50 per cent on a small pump 
and frozen packing, a condition that might exist after 
a protracted shut-down. 

Curves are shown for starting up with the dis- 
charge valve open (called starting loaded) and for 
the valve closed (called starting unloaded) and also 
for the probable starting conditions where the check 
valve in the discharge line does not open until about 
85 per cent speed because it is held closed by the 
system pressure on the outside. It will be noted that 
the load torque during acceleration is never greater 
than the full load torque. 

Torque of a refrigerating compressor starting 
under loaded conditions is however entirely different 
as is indicated by the curve Fig. 2. This is for a small 
single cylinder, single acting ammonia compressor 
starting up under full pressure, a condition which 
might exist if the compressor restarted immediately 
after shutdown due to voltage failure. The starting 
torque is found to be about 240 per cent of the motor 
full load torque. As the compressor accelerates the 
flywheel becomes effective and the peaks due to com- 
pression are reduced. 

For unloaded conditions, the starting torque is 
considerably less, and even if the load is gradually 
applied the torque requirements are for less than 
when started loaded as is indicated by the curve 
Fig. 3. For larger compressors or with more cylinders 
the starting and accelerating torques would be less 
in proportion for both loaded and unloaded starting 
conditions. 

It is evident that the motor driving a compressor 
must have considerably more starting and accelerating 
torque than for the centrifugal pump. Determination 
of the type of motor to select for these drives is there- 
fore important and the following general classes are 
available: 
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For alternating current: the squirrel cage motor; the slip 
ring or wound rotor motor; the synchronous motor for large 
pumps or compressors; the single phase motor for small pumps 
and compressors. 


For direct current: 
wound motor. 


the shunt wound motor; the compound 


Manufacturer’s performance information on an a.c. 
motor includes the efficiency and power factor for 14, 
34 and full load, the starting and pull-out torques, full 
load current for the motor voltage and phase rating 
and the full load speed. The type of test curves from 
which this information is taken is shown by Fig. 4. 
The starting and pull-out torques are given on a basis 
of full load torque rather than in actual foot pounds 
for ease in making comparisons. 


At the bottom of this figure, as the abscissae, is 
the torque scale. The curves are based on torque 
rather than on horsepower to represent the starting 
torque on the same scale. As will be indicated later, 
‘this cannot be adequately represented in horsepower 
because, at start and zero speed, there is zero horse- 
power yet anything but zero torque. The points for 
each quarter load on the various curves are indicated 
by the vertical lines. 


The horsepower curve is a straight line ‘(prac- 
tically) increasing in proportion to the product of the 
speed and torque and the ampere, efficiency, and power 
factor curves are as determined by test. In general 
the motor is designed for maximum efficiency between 
34 and full load as this is the expected point of motor 
load. Efficiency and power factor start to fall off 
rapidly at 1% load which is the reason for poor plant 
power factor and efficiency where drives are over 
motored. 


At the top the speed-torque curve shows the motor 
speed dropping off slightly as the load torque is in- 
creased from zero, which would be when running idle. 
The drop in speed is called the slip in speed or simply 
the slip, and is an inherent feature of induction motor 
operation. At no load the speed is practically the 
synchronous speed while at full load the speed is a 
little less, by the amount of the slip which is generally 
from 3 to 4 per cent of the synchronous speed. 


If the load on the motor is gradually increased, 
the motor becomes overloaded and the slip increases 
to set up the internal electrical forces to develop the 
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(Left) Characteristic 

curve for a general service full 

voltage starting motor, Class I 

30 hp., 860 r.p.m., 
220 v. 


he (Right) An Po iegarom 
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necessary torque to pull the load. Finally the increase 
in load would be more than the motor could handle 
and the motor would stall or pull out of step. Even 
when stalled the motor is developing a torque and this 
torque is the same as when first started by throwing 
the motor directly on the line. Curves Fig. 5 is the 
extension of the speed curve shown in Fig. 4. 


When started, the torque developed is that shown 
for zero speed and as the unit accelerates the torque 
delivered to the drive is that shown on the curve for 
corresponding speed points. The motor delivers this 
torque independently of the load and any excess 
torque goes to accelerate the load. The greater the 
excess torque the quicker the acceleration. 


Starting TorRQUE AND STARTING CURRENT 


If for any reason the motor torque is not in excess 
of the load torque the unit will not accelerate beyond 
that speed point. This is really the condition at full 
speed and also for such drives as fans when operated 
at reduced speed points. This will be explained in 
more detail later when discussing the slip ring motor. 


The corresponding increase in current is also shown 
on this curve and the peak, called locked rotor ecur- 
rent, is the current drawn from the line when the 
motor is started full voltage, that is started by apply- 
ing rated or line voltage to the motor. It is seldom 
possible to measure this current with the ordinary 
meter, under actual starting conditions, so the power 
company inspectors generally use a free rotor current 
value as the basis of their acceptance tests of an 
installation. This is essentially 75 per cent of the 
locked rotor starting current value and in securing 
allowable starting current for an installation it is 
necessary to determine if it is on the free rotor or 
locked rotor basis and whether it is the only motor 
on the premises or part of a large plant. 


Starting current is to a great extent tied up with 
starting torque. A high starting torque means a high 
starting current. The starting current, as well as the 
starting torque, can be reduced by using a reduced 
voltage starter, or to a limited extent by special 
design. 


(To be Concluded) 
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As One Engineer to Another— 


The Chief requires information on Efficiency. His 
Friend explains it to him, simply and clearly. 


By G. F. WETZEL 


* ELLO CHIEF.’’ At 


and in that mood, let’s go 





my greeting, my 

friend the operating engi- 
neer looked up from his 
desk, a somewhat worried 
look giving place to a smile 
as he answered, ‘‘Hello, G. 
F., I’m glad you stopped in. 
Perhaps you can give me a 
little help.’’ ‘‘ Will if I ean, 
Chief, you know that. What 
is on your mind?’’, I replied. 
‘*You see, it’s this way,”’ 

he started with his story, 
‘‘Some chap got to the Big 
Boy in the front office and 


N a series of articles, Mr. Wetzel, who has, for 

several years, conducted large classes for oper- 
ating engineers, will take up power plant problems 
and their solution, as they have been brought to 
him from the plant by his students. He will be 
glad to take up any problem which any of Power 
Plant Engineering readers wish to submit, as to 
either operation of machinery or solving plant 
calculations.. Also to have any questions or com- 
ment on methods that he has given of handling 
problems. Readers are invited to write him, care 
of Power Plant Engineering, 53 W. Jackson Blvd., 
Chicago, Ill., in regard to any subject in which 
they are interested or wish help. 


into this efficiency question 
right now.”’ 

‘“‘Okay. Now, just what 
is meant by ‘Efficiency’?’’ 


‘““Well, it means how 
good a boiler or pump or 
motor is.’’ 


‘‘Now, Chief, you know 
an answer like that won’t 
give your Boss the informa- 
tion he wants. So listen, 
and ask questions when you 
want to. 

‘‘Efficiency is a ratio,— 
the ratio of output to input, 





tried to sell him some gadget 
that he claims will save 10 
per cent of our fuel bill, by increasing our boiler effi- 
ciency. Then the Boss came to me, and wanted to 
know what our operating efficiency is. I keep coal 
records and steam records, but I haven’t figured out 
the efficiency.. Just between you and me,’’ he lowered 
his voice, ‘‘I don’t believe I could, at least not without 
some strenuous brushing up,—and that is where you 
come in.’’ 

‘‘Now look here, Chief,’’ I said with pretended 
severity, ‘‘You are just like thousands of other good 
operating men,—you know your plant from A to Z,— 
keep everything spic and span, keep bearings tight, 
valves adjusted, packing tight, and turn out the steam 
and power the rest of the departments need, and sel- 
dom if ever stop to think of what, scientifically speak- 
ing, you are doing. At one time you probably knew 
your heat quantities, steam tables, and steam laws to 
a certain extent, and then let yourself get as rusty as 
an old pocket knife that has been lost in the woods. 
Do you ever stop to visualize, for example, what is 
happening in your boilers right now, and all the time 
they are in use? Can you picture the feed water with 
its load of B.t.u.s, called heat of the liquid of the feed 
water, going into the boiler,—getting the balance of 
the heat units to bring it to the boiling point,—soaking 
up the latent heat of evaporation,—then going out to 
the various steam users, giving up some of the heat 
for heating purposes, some being converted into me- 
chanical energy, electrical energy, light energy,— 
finally being condensed, bringing back some of the 
original heat of the liquid, and starting the cycle over 
again?’’ 

_. “Some of that sounds vaguely familiar, G. F., and 
I guess you are right. That way of looking at it does 
make it more interesting. So as long as you are here, 
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usually expressed as a per- 
centage. This of course im- 
plies that you know how to figure the output and 
input. You are interested this time in boiler efficiency, 
so we will confine ourselves to that kind of efficiency. 
Remember, once more,—efficiency is the ratio of out- 
put to input. The next thing is to measure or put a 
value on,—output and input. . 

‘When it comes to evaluating output and input 
we get into algebraic expressions. Most practical men 
are scared stiff of formulas. But just remember that 
formulas are not mysterious combinations of letters 
and figures designed for college professors to play 
with, but (with the exception of empirical formulas), 
are merely a short method of showing values and rela- 
tionships on a common sense, rational basis. For con- 
venience, letters are used in place of words, and the 
application of simple rules of algebra will enable you 
to handle most of the formulas and equations you will 
have to deal with, easily. 

‘“Now, let us do a little analyzing. What is the 
output of your boilers? Steam, of course. 

‘*What is the input? Coal. It might be oil or gas. 

“‘But you cannot compare steam with coal, so we 
must go a step further. In terms of energy, what is 
the output? Heat! the heat in the steam. In the same 
way we can logically say that the input is heat,—the 
heat released by the combustion of the coal. Now that 
output and input are expressed in the same kind of 
terms, heat, we can compare them and get the ratio 
previously mentioned.”’ 

Here the Chief interposed a question,—‘‘But how 
do you compare heat with heat? Seems to me you are 
just talking generalities.’’ 

‘Let me ask you this, Chief,’’ I replied, ‘‘When 
you come to a stairway do you make one big jump 
from floor to floor, or do you go up one step at a time?”’ 
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“*T get you, G. F., tell it your way. I’m listening,’’ 
said the Chief. 

‘“‘Okay. To continue, we will base our heat quan- 
tities on one pound of coal, the input being the calorific 
value of the coal and the output being the heat added 
to the steam by the boiler, (considering the boiler, 
furnace and grate as a unit for the present) for each 
pound of coal fired. 

‘*Please notice that I said heat added to the steam 
rather than in the steam, and for a very important 
reason. We must measure the heat that we have in 
the steam above the heat we have to start with,—that 
is the heat in the feedwater. In other words, the boiler 
starts with the heat in the feedwater and adds the heat 
necessary to bring the water to the boiling point cor- 
responding to the pressure, plus the latent heat of 
evaporation, plus the heat due to superheat, if any, 
although I know you do not superheat your steam. 
This is equivalent to saying that the heat added is the 
‘total heat’ of the steam minus the ‘heat of the liquid’ 
or ‘sensible heat’ of the feedwater. 

‘‘Here is a diagram, Fig. 1, that will help you to 
see this point and remember it. You recall that all 
steam heat-measurements begin at freezing point, 32 
deg. F. The area marked q, represents the heat of the 
liquid of the feedwater. As you can see from the 
diagram, H, equals r, plus q, and the heat added to 
each pound of steam could be expressed thus, (H, — 
q.), represented by distance marked Z. H, is the 
total heat of the steam, r, is the latent heat of evapo- 
ration, and q, is the heat of the liquid of the steam. 
These are the letters usually used to represent these 
quantities, the small number below and to the right 
of each symbol representing the different heat, tem- 
perature, or pressure conditions, such as, for example, 
live steam conditions, exhaust steam conditions, feed- 
water values. So we use the same letters with a sub- 
number to tell them apart. Now if we use the letter 
w as shorthand to represent weight of water evapo- 
rated per pound of coal, and placed it in front of 
(H, — q,) like this, w (H, — q.), we can read it in 
these words: Pounds of water evaporated per pound 
of coal, multiplied by the heat added to each pound 
of steam by the boiler. So tell me, Chief,—what would 
that give us?’’ 

‘“Why, that would be,—er, uh, that is,—!’’, the 
Chief could not quite put it in words, so I helped with 
these questions,—‘‘Would it be a heat quantity that 
had anything to do with a pound of coal? What are 
we trying to work out?’’ 

‘“‘Taking the last question first,’’—the Chief was 
thinking carefully this time, ‘‘we are working out the 
efficiency which is the ratio of output to input; and 
now to answer the first question, the heat quantity is 
the output from the boiler for each pound of coal fired. 
Now, to save you the trouble of asking me what the 
input is, I’ll tell you that it must be the heat in one 
pound of coal.’’ . 

‘‘Right, Chief,’’ I said, much pleased at the way he 
was reasoning out the problem. ‘‘The calorific value 
of the coal is the input, and usually is represented by 
H;, H standing for heat, and the sub f to indicate it 
is the heat of the fuel, and to distinguish it from the 
heat of the steam. 
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‘Now let us use E to stand for efficiency, and see 
what we get. The output is w (H, — q,) and the 
input is Hy. E as you told me is the ratio of the two, or 


w (H, ae d2) 
nee 
Hy 


and we have a perfectly good formula for boiler 
efficiency.’’ 


**G. F., I salute you,’’ said the Chief. ‘‘For the first 
time in my life I really see a formula clearly. It cer- 
tainly is simple and understandable when it is built 
up as we did. But now that we have it what do we 
do with it?’’ 









































i i 

a. ‘\ \\ 
AX 

|| AW 

o & —lo#0 /-—— 100 % ——al 

ae EVAPORATION 


‘‘Your logical mind could answer that by itself if 
it was not so lazy,’’ I told him. ‘‘But if you insist on. 
spoiling your own fun, I will suggest that, to evaluate 
the letters of the formula, you simply put in figures 
which you know or can easily obtain, and then solve 
for the unknown quantity E. Look in that hand book 
on the shelf behind you, and find the steam tables. 
Take a piece of paper and write down these items as 
I mention them, and put after each one its value. From 
the known conditions with the help of the steam tables 
you can find all the figures. And please note that 
most steam tablés give pressures in pounds per square 
inch absolute, which means 14.7 lb. more than gage 
pressures. If you call it 15 lb. it will usually be 
close enough for all practical purposes. Remember 
gage pressures are measured above atmospheric pres- 
sure, while absolute pressures are above zero pressure 
or a perfect vacuum. This is an important point to 
watch because wrong pressures will give wrong heat 
values, and of course your answer will not be correct.”’ 

After naming the pertinent data, and giving him 
time to put in the figures, he handed me the paper 
with the following: 


Steam pressure—150 lb. ga. or 165 lb. abs. 
Feedwater temperature—160 deg. F. 

Total heat in steam, H,—1195.0 B.t.u. 

Heat of the liquid in feedwater, q,—127.9 B.t.u. 
Calorifie value of fuel, H;—11,500 B.t.u. 

Water evaporated per lb. coal—w, 7.3 Ib. 


7.3 (1195.0 — 127.9) 
E = 





= 0.678 or 67.8 per cent. 
11,500 


‘‘Now I can talk to the Boss and tell him our effi- 
ciency,’’ the Chief exclaimed with a certain amount of 


121 





justifiable pride. But I asked him, ‘‘What will you 
tell him if he asks for the evaporation per pound of 
combustible burned, or per pound of coal burned? 
What you have just found is the efficiency of boiler 
and furnace for the coal as fired, or the over-all effi- 
ciency of the furnace as a combustion device and the 
boiler as a heat absorbing device, combined.’’ 

The Chief’s jaw dropped as he exclaimed, ‘‘You 
would pull something like that! But I must admit, 
G. F., that you are right,—and what will I tell the 
Boss if he brings that up as he is very liable to do?’’ 

‘*You will simply tell him that, since your coal has 
6 per cent moisture and 9 per cent ash, the evaporation 
per pound of combustible fired is, 


100 X 7.3 100 
or — X 7.8 or 8.6 lb. 
100 — (6+ 9) 85 

‘‘Sure, that is simple,’’ agreed the Chief. 
why do you get at it that way?’’ 

‘*Many times a diagram will help to make clear 
problems of this kind, so look at this sketch, Fig 2, 
representing a pound of coal. When you fire that 
pound of coal, you actually burn only 0.85 of a pound 
which is all that is actually burnable, since, of course, 
you cannot burn the moisture or ash. Therefore, you 
burn 0.85 lb. of combustible and evaporate 7.3 Ib. of 
water. If you burned a whole pound of combustible, 
you would, of course, evaporate 100/85 XX 7.3 Ib. This 
would be the evaporation for each pound of com- 
bustible that goes onto your grates. But suppose you 
lost 2 per cent of your coal through the grates, then 
your evaporation per pound of combustible burned 
would be 100/98 x 100/85 X 7.3 because only 98 per 
cent of each pound was actually burned.’’ 

‘‘By George,’’ came from the Chief, ‘‘I certainly 
appreciate your bringing out these points. I guess I 
ean talk intelligently to the Boss now.’’ 

‘‘Just a few more thoughts, Chief, and then I’ll be 
going. Remember that there are two distinct parts to 
steam generation: (1) the combustion equipment 
whose efficiency is checked by flue gas analysis; and 
(2) the boiler or heat absorbing equipment. The effi- 
ciency we have gone over is the over-all result meas- 
ured by comparing the heat gained from the boiler 
by the steam sent out, with the heat it is possible to 
get out of the combustion of your fuel. We will con- 
sider furnace and combustion efficiency at some future 
time. 

‘*Also this,—the kind of work we have discussed 
just now has several points of value,—it will give you 
a fundamental basis for improving power plant opera- 
tion,—it will help you to pass fairly and intelligently 
on the merits of new equipment,—and will give you 
a broader and more interesting viewpoint of your 
work. Well, I’m on my way. Good-bye, Chief.’’ 





“But 


New Serapuanes, Sikorsky 8-42, have been tested 
out and will soon be in use by Pan American Airways 


to cut 2 days time from the run between Miami, Fla., | 


and Buenos Aires, 8S. A. The tests with load of 32 
passengers and 2000 Ib. of mail and express showed 
157.5 mi. per hr. over 1244 mi., using only 69 per cent 
of the 3000 hp. of the 4 Pratt & Whitney Hornet 
Engines. 
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Capital Goods 
Opportunites 


N AN effort to determine an accurate basis for com- 
4 puting the volume of ‘‘pent-up’’ orders for equip- 
ment and capital goods, the Machinery and Allied 
Products Institute has inaugurated a survey of plant 
replacements and additions for which need has ac- 
cumulated during the five depression years since 1929. 
It covers a fairly large number of representative com- 
panies in capital goods industries and codperation of 
other national trade organizations is being enlisted, 
including farm and electrical machinery, fabricated 
metal and graphic arts, to broaden the basis for meas- 
uring the delayed demand. 

Of the several hundred reports received, some 95 
per cent state that replacements will be made as soon 
as it is clear that business confidence has been restored 
and credit reéstablished, estimates for individual plants 
ranging from a few thousand dollars to several hun- 
dred thousand and, in the case of one company as high 
as $2,000,000. These returns thus disclose a large 
amount of business waiting, to be translated into or- 
ders, only clear probability of satisfactory, settled busi- 
ness conditions, the amount of prospective demand 
being indicated as in the nature of tens of billions 
of dollars. Up to 1930 some $8,000,000,000 of new 
machinery was bought annually. It has declined to 
$2,000,000,000, a deficit of some $3,000,000,000 a year 
average, over a period of 4 yr. Worn out, obsolete 
and shut down plants will require machinery replace- 
ment, covering machine tools, power equipment and 
transmission line material and process machinery. 

Renewed confidence is felt to be the main require- 
ment fer releasing activity but other factors will be 
credit available for making needed purchases and 
governmental policy as to taxes and new legislation. 

The Institute is desirous of having from as many 
plants and companies as possible reports on their 
probable requirements, when sound governmental 
policy and restored confidence are evident, covering 
for machine tools, electrical equipment, power plants, 
and service equipment, a description of machinery 
required, whether for replacement or additions and the 
estimated cost. In case it is not desired to sign the 
company name, the nature of the industry may be 
indicated. 

Data submitted will be held as confidential by the 
Institute and used only in making up the summary 
of the survey. It should be sent to Machinery and 
Allied Products Institute, 815 15th St., Washington, 
D. C. The codperation will be appreciated and the 
result of the survey should give a decided impetus 
to capital goods industries. 


WHEN A SINE wave voltage of rated value and fre- 
quency is impressed on a single phase transformer, the 
exciting current wave will be distorted, the amount of 
distortion being determined by the flux density in the 
transformer core. The third is the most prominent har- 
monic in the current wave. 
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Underfeed Combustion 


As Affected by Fuel Size 
and Air Temperature 


Investigation of Combustion and Combustion Conditions 
Shows that Air Temperature, Type of Fuel and Size of 
Fuel Determines the Rate of Burning. By P. Nicholls* 


REVIOUS RESEARCH by the Bureau of Mines 
has been on the overfeed type fuel bed, a general 
designation that includes hand-firing; moreover, the 
air used for combustion has been at normal tempera- 
tures of about 80 deg. F. The present work covered 
studies of the underfeed-type fuel bed, exemplified by 
underfeed stokers, and of the effect of preheated air 
on what transpires in fuel beds. 

The tests of underfeed burning were made in a 
20-in. diam. refractory-lined fireport. The underfeed 
burning was obtained by filling the firepot and igniting 
at the top, giving unrestricted ignition; that is, the 
plane of ignition could advance downward as fast as it 
was able with the constant rate of air supply used in 


; *Supervising Engineer, Fuels Section, Pittsburgh Experiment 
Station, Bureau of Mines. Taken from Bulletin 378. 
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Fig. 1. Data as plotted for 14% to 2 in. 
high temperature coke 


CHICAGO, FEBRUARY, 1935 





SQ. FT. PER 


Fig. 2. Size of fuel affects the combustion 
rate materially 


each test. The quantity of fuel burned was also free 
to be whatever the fuel could do with the rate of air 
supply. It is evident that if the rate of ignition, 
expressed in pounds per square foot per hour, was 
greater than. the rate of burning in the same units, 
the thickness of the live fuel fed would inerease 
gradually. If with some thickness of live fuel bed the 
rate of burning becomes equal to the rate of ignition, 
the burning would be in equilibrium, and a fuel bed 
of constant thickness would travel down until the 
plane of ignition reached the grates. 

The variables investigated were: Kind and size of 
fuel, rate of air supply, and temperature of air supply 
—that is, preheat. The fuels used were high-tempera- 
ture coke, low-temperature coke, petroleum coke, three 
anthracites, Illinois coal, Pittsburgh coal, and splint 
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Fig. 3. Rising temperatures also increase 
the combustion 
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coal. The first four represent noncaking fuels, the 
Illinois is moderately caking, the Pittsburgh heavy- 
eaking, and the splint a tar-exuding coal. 

In spite of the fact that coke has limited applica- 
tion in service, high-temperature coke was used for 
the first, and most complete, set of tests of underfeed 
burning. Coke is the most convenient fuel to use in 
investigating principles of burning because it elimi- 
nates the uncertainty of size of pieces when one has 
to break up a caked or coked fuel, because the bed 
does not have to be disturbed by poking, and because 
the cost of the tests is reduced very much in that the 
gas analyses can be made much more quickly. 


CoKE TEstTs 


Figure 1 shows plots of the data for 114 to 2-in. 
coke. The abscissa is pounds of dry air per hour per 
square foot of grate surface. The left ordinate scale 
is pounds of combustible (carbon + hydrogen) per 
hour per square foot of grate surface. The test points 
are shown, and the curves beyond the range of the 
points are dotted. The two main plots are the rate 
of ignition and the rate of burning of combustible. 
The light-line portion—cb—of the ignition curve means 
that it is for ignition only; the heavy-line portion—bd 
—means that it is part of both the ignition and the 
rate-of-burning curves. The rate-of-burning curve is 
thus abd. 

Considering these two curves, they show that at 100 
lb. air rate the rate of ignition is about 21.5 lb. per 
sq. ft. per hr. but that the rate of burning is only 12 
lb.; therefore the coke*at the bottom of the burning 
zone is being ignited at a faster rate than the coke 
above it is burning (being gasified), and consequently 
the thickness of the burning zone is increasing con- 
tinually. At an air rate of about 200 lb. the rate of 
burning is the same as the rate of ignition, so that 
the live fuel bed will maintain constant thickness. At 
air rates greater than 200 lb. the rate of burning could 
increase along a continuation of line ab, but it cannot 
be greater than the rate at which the fuel is ignited, 
consequently it does the best it can and follows rate- 
of-ignition curve bd which—for this fuel—increases 
a little at first, reaches a maximum at 250 Ib. of air, 
and then decreases with further increase of rate of 
air supply. 

The ignition curve indicates that.at high rates of 
air the rate of ignition tends rapidly to approach zero 
and it was impossible to maintain burning; such occur- 
rences are a common experience and are usually spoken 
of as blowing the fire out. 


Arr RATES 


One curve in Fig. 1 shows the observed thickness 
of the live fuel bed. This thickness includes the clinker 
and unfused ash; the values given for this and other 
curves for thickness which follow were selected in the 
same manner from the plots of the observed values 
during the entire test. The full-line part of the curve 
covers the range in which the thickness is constant; 
one would expect the observed thickness to increase 
with time because of the accumulation of clinker, but 
the increase was usually small compared with indi- 
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vidual variations due to the method of observation. 

The dotted part of the curve covers the range in 
which the thickness is increasing; the height of the 
bed when the ignition plane reached the grates is used 
for the thickness in this range. The two upper curves 
of Fig. 1 show the pounds of combustible in the flue 
gas per pound of air supplied and the pounds of secon- 
dary air required for perfect combustion per pound of 
primary air. The secondary air curve shows that sec- 
ondary air would be required up to a primary air rate 
of 280 Ib. 

Foregoing results and the interpretations relate 
to the condition of unrestricted ignition. Commercial 
underfeed stokers have restricted ignition in the sense 
that the rate at which the stream of fresh fuel passes 
into the primary air stream can be controlled. | 

Fig. 2 shows the rate-of-ignition and rate-of-burning 
eurves for the four sizes of coke air at 80 deg.; the 
test points are shown, and it will be noted that fairly 
symmetrical curves can be drawn to fit the points. It 
is of interest that the rate-of-burning curves, before 
their intersection with their individual rate-of-ignition 
curves, all fall on a common curve which bends up- 
ward slightly for the smaller sizes, as would be ex- 
pected from previous investigations of the effect of 
size in overfeed burning. The figure shows that the 
rate of ignition increases rapidly with decrease in size, 
which agrees with common experience. 


PREHEATED AIR 


If the air rates were carried high enough all the 
ignition curves may be expected to have a shape like 
that of the 2- to 214-in. size. An attempt was made 
to burn this size at an air rate of 345 lb. There was 
difficulty in getting the fuel to start burning; by using 
larger quantities of igniting fuel and reducing the air 
rate it was ignited, but when the air rate was increased 
to the 345 lb. the burning gradually decreased and 
finally the fire was extinguished, showing that ignition 
could not be maintained. 

In the tests on effect of preheat, air temperatures 
used were 80, 200, 300, and 400 deg. F. There was no 
necessity to test all sizes because the characteristics 
will be similar; therefore only the 1- to 114-in. coke 
was used. Figure 3 shows the results; lines OC and 
OP have the same meaning as in Fig. 2. The parts of 
the rate-of-combustion curves falling on line ab are not 
affected materially by the preheat; because the same 
size of coke is used, ab has not an upward bend and 
is closely a straight line to the origin. 

Figure 3 shows that preheat will have little effect 
on operation at rates of air supply below that at which 
the ignition curve meets the burning curve; it increases 
the rate of ignition but does not affect materially the 
rate of burning, which is the limiting factor. Above 
the rate of air supply where the ignition curve for 
normal air temperature meets the burning curve (265 
lb. of air) preheat permits large increase in the rate 
of burning with a given rate of air supply but, of 
course, with the necessity of increasing the secondary 
air. Thus, with an air temperature of 80 deg. F., the 
maximum rate of equilibrium burning was 35.5 lb. with 
265 Ib. of air; and, as pointed out previously, no 
manipulation of the fuel bed, other than increasing 
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the area of the ignition surface, could increase this 
rate. With an air temperature of 400 deg. the maxi- 
mum rate of burning would be about 53.5 lb. with 
390 lb. of air. 

The lower set of curves of Fig. 3 shows the thick- 
ness of the live fuel beds, for which, however, there 
were not many test points. The full-line portion indi- 
eates that the burning is in equilibrium. The fact that 
for the same rate of air supply the thickness increases 
with increase in temperature of the air may seem an 
anomaly at first sight. The explanation is that the 
increase in the rate of burning occurring with the pre- 
heat requires a thicker fuel bed for equilibrium burn- 
ing; the increase thus required is more than can be 
offset by the increased reaction from the preheat. 

Fig. 4, A, compares the rates of ignition of all fuels 
for the 1- to 114-in. size, 80 deg. F. temperature, and 
varying air rates; the rates of ignition are expressed 
as pounds of combustible per sq. ft. per hr. The por- 
tions of the curves of the bituminous coals shown 
dotted are below the equilibrium rate of burning. They 
have been swung to the left from the values obtained 
in the tests on the assumption that they would have 
the shapes shown if the bed were kept open by agita- 
tion; this makes them comparable with other fuels. 


ComBUSTION RATES 


All the fuels except the petroleum and low-tempera- 
ture cokes reached a maximum rate of ignition, which 
then fell off; it can also be assumed that, having once 
started to fall, the decline would have continued if the 
air rate had been carried higher and that there would 
have been a limiting rate above which it would have 
been impossible to maintain the burning. 

Fig. 4, B, shows the rate of travel of the plane of 
ignition, in inches per hour, for the same fuels shown 
‘in Fig. 4, A. The seale of pounds per hour is more 
useful for the combustion engineer, but inches per hour 
pared because the direct effect of density on rates of 
ignition cannot be great; the indirect effect of density 
as defining the type of exposed surface is very impor- 
tant. The rate in inches per hour will sometimes be 
the more pertinent scale, even in service—for example, 
in the tendency of fuels to ignite down through pot- 
type stokers. 

At low rate of air supply the rate of ignition was 
greater than the rate of burning; thus the fuel bed 
did not reach an equilibrium thickness. Under this 
condition the rate of ignition did not limit the rate 
of burning. 

Each fuel reached equilibrium at a certain air rate; 
and for all higher rates the fuel bed would be in equi- 
librium, its thickness decreasing with increase in air 
rate. 

Rate of ignition did not increase indefinitely with 
increase of air rate. For the high-temperature coke 
and anthracite it reached a maximum and then de- 
creases rapidly; for the other fuels it reached a maxi- 
mum and tended to decrease more slowly. 

Rate of ignition, and consequently the maximum 
rate of burning attained, increased with decrease in 
the size of fuel. 

Preheating increased the rate of ignition of all fuels 
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very materially at all air rates; thus with the Illinois 
coal an increase from 80 to 300 deg. increased the rate 
of ignition and the possible maximum rate of burning 
97 per cent. 

These results bring out the essential difference in 
the principles of overfeed and underfeed burning. In 
the overfeed the only limit to the rate of burning is 
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Fig. 4. Rate of ignition of all fuels compared on pounds per square 
foot and inches per hour basis 


that the fuel shall not be blown out of the bed, and— 
except for the limitations imposed by less of heat from 
the fuel bed by radiation—by increasing the depth of 
the bed the combustible gasified per pound of air can 
be made the maximum the air will carry. In the under- 
feed the maximum rate of burning for each rate of 
air supply is fixed by the rate of ignition, and these 
two factors automatically fix the thickness of the fuel 
bed and the combustible carried per pound of air. 

Studies were also made of the process of ignition 
and of burning in underfeed beds, both with high- 
temperature coke and bituminous coal. They show that 
ignition is rapid when it once begins and that at high 
rates all the volatile matter is driven off in the first 
3 in. of the live fuel bed. 

An analytical study of the distribution of the ash 
and clinker in fuel beds shows the difference between 
the overfeed and underfeed methods of burning. ‘The 
time it takes a piece of fuel to pass through the live 
bed is 4 to 5 times longer in an underfeed than in an 
overfeed bed of the same depth and rate of burning. 
Moreover, the quantity of ash and clinker which ac- 
cumulates in an underfeed fuel bed is several times 
as great as in an overfeed bed operating under the 
same conditions. These test results may be and were 
applied to deduce what happens in simple type stokers 
but no attempt was made to analyze the series of com- 
plex reactions in large stokers because there are no 
data from which the paths of the various streams of 
coal can be predicted. 
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Power Transmission by 


High-Potential Direct Current 
4 Revolutionary Development 


ONSTANT-CURRENT, direct-current transmis- 
sion, a new system, was described in a paper pre- 

sented at the winter convention of the American Insti- 
tute of Electrical Engineers, in New York City in 
January, by Dr. C. H. Willis, B. D. Bedford, and Dr. 
F, R. Elder. Dr. Willis is of Princeton University but 
is associated with the General Electric Co. in the 
direct-current transmission work, and the other two 
men are of the General Electric Co. In addition to 
the formal paper presented at the Institute meeting 
by these three men there were discussions by C. W. 
Stone and Dr. A. W. Hull, also of the General Electric 
Co., who have been associated with the work. 

Direct-current power transmission by constant cur- 
rent is in itself not new, but the work described repre- 
sents the first time that such transmission has been 
accomplished in a commercial capacity, even in test, 
by means of electronic tubes. 

In brief, the essential features of the new system 
of electric power transmission are: 

It is a constant-current direct-current system. 

It is a system where the power flow is in one 
direction only at the will of the operator; but the 
power can be transmitted in either direction if 
desired. 

Control of the amount of power flow is under 
the control of the operator at all times. 

No wattless power is transmitted. 

A short circuit on any circuit of this type results 
in a reduction of power flow on the circuit involved. 

Power can be transmitted by either overhead or 
underground lines any distance desired. 

A circuit of this type can be tapped at any point 
to furnish power or to take power. 

The nature of the circuit is such that systems 
of like or unlike frequencies can be operated to- 
gether to feed any other system of like or unlike 
frequencies. 

Overhead systems of this type should be more 
reliable, and less disturbance will be caused by 
lightning. 

The system cannot become out of phase or out 
of synchronism with the system feeding it or with 
the system receiving power. 


DiFrFicuLTiIEs ENCOUNTERED WITH ALTERNATING 
CuRRENT 


Alternating current is at present almost universally 
used for power transmission, in spite of the difficulties 
that are so well known to electrical engineers. The 
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Bybee gyanier dee! of a complete new system 
for the transmission and distribution of elec- 
tric power, making it possible for the first time to 
interconnect, with static apparatus, non-s 0- 
nous systems, was announced at the A.LE.E. 
meeting. This has been done by the utilization of 
electronic devices, including Thyratron and Phano- 
tron tubes. With the new system a higher order 
of stability has been obtained as contrasted with 
previous practice, and faults similar to short cir- 
cuits result in a reduced instead of an increased 
power flow on the circuit involved. 





difficulties of connecting systems, or even generating 
plants, together are many, as systems of unlike fre- 
quencies cannot be connected together readily except 
by means of motor generator sets, and the power flow 
through these motor generator sets is uncontrollable 
except by elaborate and expensive apparatus. Sys- 
tems of like frequency are difficult to keep together 
in synchronism because of the phase angle resulting 
from the reactances of transformers and circuits. Con- 
trol of power flow is largely determined by the de- 
mands of the system, and the operators have little 
control except by means of circuit breakers, which 
may be opened or closed, automatically or manually, 
usually resulting in interruption of service. This 
means that in case of faults anywhere on the system, 
a large concentration of power results, which may be 
sufficient to shake the system apart and cause con- 
siderable damage. 

The newly developed direct-current system places 
in the hands of the operator full control of his system. 
He can at all times control not only the amount of 
power flow but its direction. The system cannot get 
out of phase or out of synchronism; and faults, such 
as short circuits, cause a drop in power flow rather 
than an increase such as exists on all present systems. 

Stations of like frequency or unlike frequency can 
be connected together with the new system to feed the 
same distributing system without any trouble. 


WattTLess CURRENT ELIMINATED 


As most loads of power systems are of lagging 
power factor, the transmission of the resulting watt- 
less current adversely affects the capacity of the cir- 
cuits, the transformers, and the generators feeding the 
system. With the new system, all the load on the gen- 
erating stations will be slightly leading, rather than 
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lagging; and no wattless power is transmitted. The 
wattless current required by the loads is supplied by 
the inverter equipment. This results in lower gener- 
ator and transformer heating, and improved regu- 
lation. 


Circuit For 150 Kw., 15,000 v. In ExPERIMENTAL SERVICE 


In the paper presented by Dr. Willis, Mr. Bedford 
and Dr. Elder there was described a circuit installed 
in the research laboratory at Schenectady arranged 
for the transmission of 150 kw. of power, the circuit 
operating at a maximum peak of 15,000 v. and 10 amp. 
In one of the factory buildings in the Schenectady 
works there has been made a larger installation, re- 
ferred to in the discussion at the Institute meeting, in 
which connection is made to a 13,800-v., 60-cycle, 
three-phase alternating current bus of the New York 
Power & Light Corp. with a circuit for transmitting 
a constant direct current of 200 amp. at 15,000 v. This 
circuit includes about 15,000 ft. of underground con- 
ductor, and is connected back to the 13,800-v. bus, 
after being inverted from direct to alternating current 
of the proper characteristics. 

In this 3,000-kw. constant-current direct-current 
circuit, a group of condensers and reactors are so 

“connected to the 13,800-v. bus that constant-current 
alternating current is obtained ; the circuit being tuned 
so that this current is 200 amp., the voltage varies with 
the load. The alternating current is then rectified by 
means of six Phanotron tubes. (If two-way transmis- 
sion is desired, Thyratron tubes are used.) 

High-voltage constant-current direct current is 
thus produced. After passing through some direct- 
current smoothing reactors the current goes through 
the 15,000-ft. length of underground conductor—rep- 
resenting transmission of the energy—after which it 
is received and passed through another direct-current 
smoothing reactor. Six Thyratron tubes then invert 
the direct-current into. 60-cycle, three-phase alternating 
current of constant value. Another group of reactors 
and condensers then changes this constant current into 
constant-potential alternating current, the current 
output at this point varying with the load. Connection 
is then made back to the alternating-current bus in the 
factory. Such an arrangement of condensers and re- 
actors constitutes what is known as a monocyclic net- 
work.. 


ConsTaANT POTENTIAL FEATURES 


One feature of such a network is that, if it is tuned 
for a certain definite current and if it receives this 
current, constant potential results at the output ter- 
minals. On the other hand, if it is supplied from a 
constant-potential bus, constant current will be ob- 
tained at the terminals. Neglecting the losses in the 
reactors and condensers, the power factor on both 
sides of the network is equal, but of opposite value. 

No transformers have been used in the installation 
made in the Schenectady plant, but, in a commercial 
installation, it is probable that transformers would be 
used at both ends of the line—at the sending end for 
increasing the voltage to that point desired, and at the 
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receiving end for reducing the voltage to suit that of 
the receiving system. 

The rectifier end of this network connected to a 
constant-potential system will furnish a sufficient volt- 
age to cause the full-load current of the direct-current 
system to flow. Thus, if a short circuit of low resist- 
ance exists close to the rectifier, the voltage furnished 
by the rectifier will be very low—only sufficient to 
overcome the low resistance of the short circuit. The 
power flow, then, will be reduced; and. if the resistance 
is of very low value, the voltage will collapse to prac- 
tically zero. 

At the receiving end of the line, or the inverter, 
the tubes, being arranged to pass current in one direc- 
tion only, will operate as an inverter as long as con- 
stant current is received from the rectifier. Failing to 
receive this constant current, the inverter becomes a 
rectifier and draws full-load current at low voltage 
from the alternating-current system to which it is 
connected. The polartiy of this current will be re- 
versed, however. 


EFFEctTs oF SHorRT CIRCUITS 


If a short circuit occurs on the direct-current line, 
and if the constant current of the system is 200 amp. 
and the regulation of the line is 10 per cent, then the 
current flow into the short circuit will be about 20 
amp. The voltage on the direct-current line drops to 
that point necessary to cause 20 amp. to flow in the 
short circuit. 

As soon as the short circuit is removed, normal 
current flows in the normal direction, the rectifier fur- 
nishes its share of the current, the inverter receives 
the current, and the current is inverted and furnished 
to the receiver system as constant-potential alternat- 
ing current. 

If, when the line is operating under normal condi- 
tions, the cable is short-circuited by means of a single- 
pole knife-blade switch, the voltmeter reading drops 
practically to zero but the current remains constant. 
If the switch is then opened, the voltage returns very 
promptly and at all times the current remains constant. 

A further interesting demonstration is made by 
short-circuiting the line through a 6-amp., 250-v. cart- 
ridge fuse. The fuse blows, thus opening the short cir- 
cuit; little disturbance is caused by the blowing of 
such a small fuse. 


InsuuLators SERVE AS LIGHTNING ARRESTERS 


In still another demonstration an insulator normally 
used on an 11,000-v. alternating-current line is em- 
ployed. Two such insulators are usually used on such 
a line, but in the demonstration there is only one. If 
an attempt is made to are over the insulator by short- 
circuiting it with a small wire, the arc-over of the in- 
sulator cannot continue. It is indicated that overhead 
lines can be built with fewer insulators than are now 
required for alternating-current power since, while 
they may are over because of a lightning flash, the 
dynamic current of the system is limited and the are 
will extinguish itself. Each insulator thus becomes a 
lightning arrester to clear the line of any high-voltage 
transients. 
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Case Studies in Power Economics 


METER 
CONSTANTS 


Conducted By 


ZUCE KOGAN 


Kogan Industrial Service 


Chicago, Illinois 


N ICE manufacturer was 

purchasing power from 
the electric utility under the 
so-called ice rate. This rate 
is a limited-hour rate. That 
is, the curtailment of power 
used between the hours of 
4:30 to 7:30 p. m. in the 
months of November, Decem- 
ber, January and February 
is required. If any power is 
used during that period there 
is a Gefinite charge for it and 
it is paid for throughout the 
year, once it is established in 
any of these months. 

During our study of our 
client’s power condition we 
found that his peak demand, 
that is the, demand estab- 
lished during the hours of 
4:30 to 7:30, was exception- 





PLACES where savings can be accom- 

plished around a power plant are usually 
quite numerous. The possible saving in any 
particular case may seem so small as to be 
scarcely worth the effort to investigate and 
put into effect, but in the aggregate the sav- 
ings possible usually mount to unbelievable 
figures. Such savings come as a result of case 
studies dealing with specific equipment and 
conditions, and to appreciate their impor- 
tance each case must be considered sepa- 
rately. Recognizing this fact, the editors of 
Power Plant Engineering have arranged with 
Mr. Kogan to present in serial form a num- 
ber of articles relating the essential history 
of cases where substantial savings have been 
effected in the power plant field. Mr. Kogan 
is engaged in a consulting service and is in 
position to answer questions, which readers 
may propound, relative to savings about their 
plants. He is eminently fitted to conduct 
these pages as a savings service to readers. 


panying tabulation of read- 
ings for a few days in the 
month of November. 

The demand indicated was 
obtained by multiplying the 
difference by the constant of 
the meter which happened to 
be 14.4. After a study of this 
table was made it was quite 
easily seen why such a high 
peak demand was charged for, 
while in reality there was a 
much lower demand. : 

As stated previously the 
utility, in order to determine 
the peak demand, picks the 
highest readings during any 
day for three days and the 
average represents the maxi- 
mum peak demand. In the 
table above it is seen that on 
some half hours the demand 


ally large. We could not find 
any possible excuse for it, as 


Editor read about 43 kw. while the 
others are only about 29. This 





practically all of the equip- 
ment was shut down, with the 
exception of one small air compressor and one agitator 
on the brine tank. The peak demand was around 
43 kw. while in reality on the meter test, the actual 
power use was around 32 kw. 

At the time the electric utility determined the peak 
demand by taking the average of the three highest 
readings, each reading occuring during a different 
day, during the hours of 4:30 to 7:30, and once this 
highest demand was established it was charged for 
throughout the year. 

The meter used in determining the demand was 
the so-called printometer, which is a device actuated 
by the watthour meter and it totals during every half 
hour the number of kilowatt hours consumed. The 
accumulative total is printed on a tape and, in order 
to determine the half-hourly demand, the difference 
between two consecutive numbers is taken and mul- 
tiplied by the meter constant, as the numbers actually 
printed do not represent the number of kilowatts but 
a multiple of them depending on the gear ratios and 
the mechanism of the printometer. 

Since there was such a large discrepancy between 
the billed demand and the actual demand, we called 
in the electric utility records and we found the accom- 
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effect became quite clear to 
us when we took into consid- 
eration the mechanism and the working of the meter. 

In order to obtain the half-hourly maximum de- 
mand, the watthour meter is equipped with a device 
which actuates the demand meter, the latter being 
controlled by a clock which causes the demand meter 
to print every half hour. The device which actuates 
the demand meter consists merely of two contact 
points riding -over a ratchet-wheel with a definite 
number of teeth. This ratchet-wheel is attached to 
a worm-gear which is driven by a worm on the shaft 
of the revolving disk of the watthour meter. As the 
ratchet-wheel rotates with worm gear, the contact 
points are made to open and to close. 

It is when these contact points are closed that the 
solenoid of the demand meter is made to move a num- 
ber on the printing wheel by means of a plunger. 
The frequency with which the numbers will be moved 
will depend on the speed of the disk, on the ratio of 
the worm and the worm gear and on the number of 
teeth in the ratchet-wheel. The combination gear ratios 
and the number of contacts on the ratchet-wheel de- 
termine the constant of the meter and therefore each 
number moved means a definite number of kilowatt 
hours. This definite number is obtained by multiply- 
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ing the difference between two readings by the con- 
stant of the meter. 

In such a method for determining the demand, dis- 
erepancies may creep in, as there is the effect of time 
limitation. The only time when a discrepancy will not 
ereep in is when the rate of consumption is a mul- 
tiple of the constant of the meter, or when readings 
are taken over a very long period of time. When 
the consumption is a multiple of the constant, the 
printing and the movement of a number will coincide. 
Therefore, the printed reading will show a true de- 
mand. In practice such things are rare and the de- 
mand is almost never a multiple of the constant of 
the meter. : 


Meter readings on which the demand for power was based 











Nov. 2 Nov. 5 Nov. 12 
Read- Differ- De- 

ing ence mand Read. Diff. Dem. Read. Diff. Dem. 
4:00 p. m...800 611 444 
4:30 p. m...804 4 57.6 615 4 576 447 3 43.2 
5:00 p. m...806 2 28.8 617 2 288 449 2 28.8 
5:30 p. m...809 3 48.2 619 2 288 451 2 28.8 
6:00 p. m...811 2 28.8 622 3 43.2 454 3 43.2 
6:30 p. m...8138 2 28.8 624 2 288 456 2 28.8 
7:00 p. m...815 2 28.8 626 2 288 458 2 28.8 
7:30 p. m...817 2 28.8 628 2 28.8 460 2 28.8 





When the demand is not a multiple of the constant 
of the meter, the ratchet-wheel will cause a definite 
number of contacts to be made, which will represent 
a demand for the first half hour less than the actual, 
as at the time of printing not enough movement. was 
given to the ratchet-wheel to cause another contact. 
If the difference between the actual demand of the 
previous half-hour and the printed one is large enough 
so that the sum of the demand of the next half-hour 
and this difference is enough to move an extra num- 
ber, the printed demand for this half-hour will be 
larger than the actual. If the difference is not large 
enough it will add up to any one of the following 
half-hours. : 

The readings of November 2 illustrate this. 

During the half-hour of 4:00 to 4:30 the demand 
shown is only 57.6. In reality the demand at that time 
was around 68. Since, however, 14.4 goes in, 68 only 
four times plus a remainder of around 10 kw., which 
was left over to accumulate in the next half-hour. 
Now, as we have found out later that the actual- de- 
mand was around 32 kw. the total of the remainder 
plus the present demand was only 42 kw., a number 
not sufficient to cause the rotation of another contact. 
Hence, the demand for the following half-hour re- 
mained 28.8 as 14.4 goes only twice into 42, leaving 
a remainder of 13. Hence, the demand established 
between the half-hour of 5:00 to 5:30 was the total 
of the actual demand of 32 kw. plus the remainder 
of 13, not recorded in the previous half-hour, or 45 
kw., an amount sufficient to cause the making of three 
contacts and showing a demand of 43.2 kw. During 
subsequent half-hours the demand continued to be 
32 kw. Since not enough movement was added, how- 
ever, only 28.8 was shown. 
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The correctness of our contention was corroborated 
after the meter constant was changed in accordance 
with our recommendation. The constant was changed 
so that each number represented only 6 kw. instead 
of the previous 14.4. In the table below is shown the 
reading for a typical day in the month of November 
during which the operation of equipment was very 
much similar to the previous days in November. 


Meter readings after the constant had been changed 














Time Read Diff. Dem. 

Oe Be Wis 604 ecens 620 

US SS re 631 11 66 
fi Ug SS errrery 636 4) 30 
WE i Wie c civnws 641 5 30 
Ci is Mie 0 even 646 5 30 
ee 651 5 30 
2 See 656 5 30 
ee ee 662 6 36 





There it was apparent that the actual demand was 
recorded at 4:30. The peak demand was around 31 
kw. and it took about five half-hours in order to ac- 
cumulate, so to speak, enough hangover so that a 
higher number could be printed. That is, in five half- 
hours, 5 kw. were accumulated in order to indicate 
a demand of 36 at 7:30 p. m. 

We were instrumental in causing the utility to 
change its method of computing ‘the peak demand, 
especially in cases where the peak demand represented 
a small portion of their customer’s normal daily load. 
At the present time the utility, instead of picking the 
highest number on different days of the month, now 
take three consecutive high numbers per day for three 
days and the average of them constitutes the peak 
demand. 


Unfired Pressure Vessel Code 


In OrpER To ProvivE a uniform basis for the con- 
struction and maintenance of unfired vessels used in 
the petroleum industry and at the same time not to dis- 
turb the uniformity brought about by codes developéd 
by the ASME Boiler Code Committee, a joint com- 
mittee of the A.P.I. and the A.S.M.E. was organized. 
This Joint Committee on Unfired Pressure Vessels has 
now completed the first edition of the API-ASME 
Code for Unfired Pressure Vessels for Petroleum 
Liquids and Gases which can be obtained from The 
American Society of Mechanical Engineers, 29 West 
39th Street, New York. 


The code covers the design, construction, inspection 
and repair of unfired pressure vessels for petroleum 
liquids and gases for metal temperatures not over 
1000 deg. F. and for gage pressures above 15 lb. per 
sq. in. It is divided into five sections. as follows: 
W, design and construction of fusion welded vessels; 
R, design and construction of riveted vessels; F, de- 
sign and construction of seamless forged vessels (in 
course of preparation) ; I, inspection, repair and allow- 
able working pressure of vessels in service; S, material 
and other specifications. 
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Readers’ Conference 


Repairing a Midget Soldering Iron 


A GOOD MANY READERS perhaps possess a burnt out 
electric soldering iron which they have tried to repair 
and have failed due to inability to easily obtain the 
very fine resistance wire by means of which the small 
irons are heated. On the contrary, most any experi- 
menter has or can easily obtain the larger resistance 
wire such as is used on toasters, electric stoves, etc. 

I wound as much of this larger wire into the space 
provided in the iron and found this was not a suffi- 
cient quantity to withstand the 110 v. current. There- 
fore, the rest of the wire was wound on a porcelain 
tube (external to the iron) and this was mounted on 
a board by means of two upright pieces of brass. 
Bolts too short to make contact inside the tube serve 





View of Soldering Iron on Its Stand 


to hold the tube in place and also furnish a means 
of fastening the ends of the resistance wire wound 
on the tube. Bolts which hold the brass uprights to 
the base enable the external resistance and soldering 
iron to be connected in series beneath the base. 

In order not to waste all of the heat emanating 
from the external resistance I made a protecting cage 
of wire screen which also serves as a rest for the iron 
between soldering operations. Thus, the iron gets heat 
from two sources, internal and external. My iron heats 
much more quickly and keeps hotter under adverse 
conditions than it did with its original winding. 
La Crosse, Wisconsin. VERNON W. PALEN. 


Bending of Belts and Belt Life 


In THE SEPTEMBER issue of Power Plant Engineer- 
ing, W. F. Schaphorst made a few statements about 
belts to which I cannot entirely agree. 

He stated that the amount of belt bending in Fig. 1 
was the same as that in Fig. 2. That is correct, but 
the belt in the instantaneous position as shown in 
Fig. 2, is ‘‘bent’’ more than that in Fig. 1. That is 
easily seen, since the included angle between the sec- 
tions of the belt tangent to the idler pulley in Fig. 2, 
is much greater than that in Fig. 1. The diameters of 
the idler pulleys are equal. 

Mr. Schaphorst also states that, ‘‘For pulling the 
load and from all other standpoints, Fig. 2 is prefer- 
able.’’ This statement is incorrect from the standpoint 
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of belt life. For belt life Fig. 2 is the worst possible 
condition, as I shall now prove. 

Consider Figs. 3 and 4 which show the idler pulleys 
of Figs. 1 and 2, to a larger scale. Since pulleys A 
and B are equal in diameter, the elongation, or strain, 
of the outer fibers of both belts per inch of belt length 








eo 





F1G.2 


Fig. 1. Idler used to take up slack 
Fig. 2. Wrapper pulley used to increase arc of contact 


on the pulleys, is the same. But this elongation in a 
given belt length, say XY, is absorbed by more free 
belt length in Fig. 3 than in Fig. 4. As a result, the 
outer fibers of the belt in Fig. 4 are stressed many 
times more than those in Fig. 3. Furthermore, these 
outer fibers have just previously been subjected to 
compression in going around the driving pulley. This 


FIG.3 1 FIG) 4 


Fig. 3. Enlarged view of Fig. 1 
Fig. 4. Enlarged view of Fig. 2 


means that the real inside fibers of the belt are being 
submitted to compression and expansion alternately, 
or, in other words, a complete reversal of stress. 

If these stresses were plotted against degrees of 
driving pulley rotation, the curve would be similar to 
that shown in Fig. 5. 


ON TIGHT SIDE 





Fig. 5. Stress curve for inside belt fibers 


The section of the curve from A to B represents 
the stresses set up in the inside fibers of the belt in 
passing around the idler pulley, showing that this stress 
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may go above that on the tight side of the belt. The 
sections of the curve from C to D and from E to F 
show the stresses set up in the inside fibers of the belt 
in passing around the driven and driving pulleys re- 
spectively. The sections of the curve, B to C; D to E, 
and F to A, show the stresses in passing from one pul- 
ley to the next. 

It is this reversal in stress which causes friction 
between the fibers of the belt and ultimately results 
in ply separation and belt failure. It is the fact that 
the inside of the belt, which normally receives only 
compression, is subjected to tension that causes the 
damage. The more rapidly these reversals occur, and 
the greater the amplitude, the shorter is the life of 
the belt. Therefore, for long belt life, refrain from 
using idler pulleys such as is shown in Fig. 2. 
Philadelphia, Pa. C. O. MircHE.u. 
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Fig. 1. Cork blanket under top of foundation 


Vibrating Machinery in the Power 
Plant 


THESE THREE sketches show clearly how to take 
care of power plant machinery that is likely to vibrate 
and cause noise nuisance. One of the most effective 
modern methods, as indicated in the sketches, is to 
isolate shaky machines from the building or from the 
ground by means of a strong resilient material. 
Natural cork is highly regarded. Cork has a natural 
period of vibration which is invariably different from 
that of any machine which fact is of great importance. 
Cork is elastic during a long period of years, which, 
too, is important. That is, cork does not gradually 
yield under pressure like most other materials. From 
many viewpoints natural cork is an ideal material 
for machine isolation. Sometimes the cork is placed 
directly under the machine on top of the foundation 
(Fig. 1), and at other times the foundation itself rests 
on the cork (Fig. 2), depending upon conditions. Thus 
Fig. 1 shows how to isolate an electrically driven unit, 
the unit being completely tied to a concrete slab in 
such a way that vibrations cannot be transmitted to 
the building, and yet the machine cannot jump off 
its base. 

Figure 2 shows how to isolate a machine without 
secondary tieing bolts such as are shown in Fig. 1. In 
other words, the concrete base is here placed in a 
pocket lined with cork. This is usually a very satis- 
factory method of isolation. 
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Fig. 2. Cork isolation for concrete base 


Figure 3 shows in greater detail how the bolts may 
be isolated and applied. The rubber hose kink, for 
further isolating long through bolts, is a good one to 
remember. An objection to rubber is that it soon loses 
its elasticity, but for this purpose of merely surround- 
ing a bolt that fault is of but little importance. 

Through tieing bolts are important. Thus I have 
before me an erroneous design, the error being in 
the elimination of tieing bolts from a top slab of con- 
erete to the lower slab. In other words, there is 
nothing to prevent the machine from bouncing around 
and dragging the top slab and the machine itself 
around on the floor. The designer may argue, ‘‘This 
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Fig. 3. Detail of method for isolating long through bolts 


machine doesn’t vibrate that much.’’ To which a 
logical reply is: ‘‘If the machine doesn’t vibrate that 
much it very likely doesn’t need isolating. Why not 
be safe and use through bolts? They don’t cost much 
more and are much to be preferred.’’ 

Newark, N. J. W. F. ScHapnorst. 


Duties of the Watch Engineer 


Tue Lerter of P. F. Rogers in the Readers Confer- 
ence of the December issue of Power Plant Engineer- 
ing, on the duties and responsibilities of a watch 
engineer, is worthy of further comment. 

Not only should the retiring watch engineer report 
to his relief the condition of equipment, all changes 
or repairs that have been made during his watch and 
any further information that may be of value to the 
men coming on duty, but this practice should be. ear- 
ried out all along the line. Assistant and auxiliary 
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engineers, oilers, boiler room men and all others should 
make similar reports to their reliefs. 

Recording charts should be observed at frequent 
intervals not only to see that clocks are running and 
ink flowing properly but also to note any deviation 
from the normal record. Any pressure, temperature 
or other change from the normal indicates an abnor- 
mal operating condition and should be investigated at 
once. When recorders are allowed to stop or run dry 
of ink they are useless as aids to the operating force 
and this practice should not be tolerated. In plants 
employing three shifts, the best time to change these 
charts is at midnight to avoid confusion in the calen- 
dar date and because there are usually better oppor- 
tunities to do this. Charts should be prepared and 
dated by the previous watch and in small plants they 
can be put on by one man, but in the large plants 
this is impracticable. In a large plant it would take 
one man an hour or more to go from room to room to 
replace charts, so this work can be done more quickly 
and better by the operators that are located in each 
room. 


In the statement that the watch engineer must be 
on hand when boilers or engines are put on or off the 
line, I presume that Mr. Rogers is speaking of plants 
where the watch engineer is the sole operating engi- 
neer. The operating responsibility belongs, of course, 
to the watch engineer, and in large plants he must be 
free to go to the scene of any trouble that may develop, 
and remain there until the trouble is disposed of, 
trusting in the judgment of his subordinates to carry 
on the operation of the rest of the plant. Most of the 
troubles that occur in turbine plants happen to the 
auxiliaries, so that, while the watch engineer is 
engaged in remedying the trouble in the auxiliary 
room, the operating engineer on the turbine floor will 
be obliged, because of lowered vacuum or other 
reasons, to use good judgment in having the loads 
adjusted on the turbines in service. 

Most men react favorably to any additional trust 
or responsibility and the watch engineer should so 
train his crew that he can depend upon them at all 
times and rely upon them to exercise good judgment 
in trying situations. If he does this, his own labors 
will be lightened, his responsibilities will be shared 
by his men and will be to him a source of pride rather 
than one of worry. 


Richmond Hill, N. Y. JOHN TOOKER. 


Method of Applying Powdered Cork 


I NoTE in the October issue of Power Plant Engi- 
neering that Mr. Schaphorst advises that when using 
eork insulation on cold water pipe have an expert 
apply it. 

The following is a method of applying powdered 
cork, which is quite easy, and to which I am indebted 
to D. Sage, Superintendent of the Kearny (N. J.) 
Generating Station. First paint the surface to be 
insulated, and while this paint is wet throw the cork 
on by hand, collecting what falls off to be used over 
again. After a sufficient coating of cork has been 
thrown on the painted surface, the surface is given 
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another coat of paint on the outside of the cork to 
restore the desired color. 

I have tried this method and find it highly suc- 
cessful. 


Wilmington, Del. Francis M. NEWELL. 


Boiler Rating Tables 


RECENTLY there appeared in the Reader’s Con- 
ference pages two articles the practical value of 
which I fail to see. One of these articles gave a method 
of procedure to be followed in filing a claim for short- 
age (real or supposed) on a car of oil. The other dealt 
with a plan for finding the horse power of boilers. 

If one desires to check up on a tank ear of oil to 
determine its actual contents in gallons, he should 
secure: an outage table from the shipper or from the 
car owner, which may be obtained gratis; a copy of 
Cireular No. 154 of the Bureau of Standards; a ther- 
mometer and a hydrometer. The hydrometer may not 
be necessary if one is purchasing the same oil at all 
times and is sure he is getting what he specifies. 

An outage table is needed as the so-called 8000 
gal. tanks vary in capacity, so a graph or a curve for 
an 8036 gal. tank would not be quite accurate for one 
of a capacity of 8190 gal. Petroleum oil tables are 
needed as the temperature correction factor varies 
with the gravity of the oil. A correction of 1 per cent 
in volume for each 25 deg. F. the temperature of the 
oil is above or below the standard temperature of 60 
deg. F. would be correct for an oil of a gravity of 22 
deg. A.P.I. In abridged petroleum oil tables this factor 
is 0.0004 for each degree Fahrenheit change in the tem- 
perature of the oil is used for oil of a gravity up to 
39.4 deg. F., although not exactly correct. 

With this equipment a claim that will merit con- 
sideration may be filed with the shipper. In reading 
the gravity of the oil the temperature must be taken 
into consideration. This item with others of interest 
is explained in the oil tables. 

Should one wish to know the horse power of a 
boiler, he should obtain free tables from the state 
boiler inspection department or from the Government 
Printing Office. These tables give the actual inside 
and outside diameters of tubes and flues, together with 
the square feet of heating surface of unit length of 
tubes and flues; the allowable heating surface of shells 
of standard dimensions; and other useful information. 

With these tables, if one does not care to figure 
out constants of his own, it is only a question of a 
little addition and multiplication to determine the 
nominal horse power rating of a boiler. The codes of 
the various states correspond closely with the A.S.M.E. 
rating. It is well, however, to state what rating, as 
methods vary slightly in some states. 


Tables of boiler ratings are distributed by the 
Department of Industrial Relations, Examiners of 
Steam Engineers, Columbus, O. Some of the Govern- 
ment Printing Office bulletins helpful in this connec- 
tion are: Specifications for Flues, Industrial Series 
No. 63; Bureau of Mines Bulletins 114 and 240. 


Sugar Grove, O. Henry Cooney. 
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Refrigeration Nomograph 


Mr. CrANForD’s interesting and instructive paper 
(Power Plant Engineering, p. 432, Sept. 1934) which 
deals with the calculation of the time required to 
freeze cakes of ice in commercial installations and 








where F = freezing time, in hours 
L=average thickness of cake, in inches 

t= temperature of the brine, °F. 

N = number of cans per ton of daily harvest 

W =weight of each cake, pounds. 











with the determination of the number of cans to allow Watertown, Mass. D. S. Davis. 
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Freezing time calculated graphically 


per ton of daily harvest, has prompted the construc- 
tion of the accompanying nomograph. 

The alinement chart enables one to perform 
graphically the computations which Mr. Cranford has 
explained by the simple expedient of drawing two 
straight lines. The use of the nomograph may be 
illustrated by the following example in which Mr. 
Cranford’s original values are employed. In the case 
of the standard installation making cakes of an aver- 
age cross section of 11 by 22 in. how long will it take 
to freeze the cake if the brine temperature is 14 deg. 
F.? How many cans per ton of daily harvest will be 
needed if each cake weighs 300 1lb.? Connect 14 on 
the temperature scale with 11 on the thickness scale 
and produce the line to the time scale where the inter- 
section is at 47 hr. Connect this point with 300 on 
the weight scale and read the intersection with the 
N-seale as slightly over 13, showing that 14 cans 
should be provided for every ton of ice expected 





each day. 
The chart solves the equations 
Ti F 
F=— and N = 83.3 — 
32 —t WwW 
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Transformer Oil 


WITH REFERENCE to W. E. Warner’s discussion on 
Taking Samples of Transformer Oil in the Reader’s 
Conference section of the November issue I would like 
to offer the following comments: 

Contamination of transformer oil, during sampling, 
is a serious problem inasmuch as it is this pollution 
which affects the results of the tests conducted on the 
oil sample. The smallest percentage of water in the 
thief and sampling bottle lowers the dielectric strength 
of the oil and thus the test does not show the true 
condition of the transformer oil. The same holds true 
for contamination due to other impurities. 


Incidentally, a thief is a glass tube which is used 
for taking samples from transformers not equipped 
with sampling valves or when samples of oil are re- 
quired from both the top and bottom of the trans- 
former. The sampling valve is usually located at the 
bottom. 


Dielectric strength is still the criterion of the insu- 
lating properties of transformer oil, a high value 
indicating good insulation, a low value poor. Thus, 
it is obvious that contamination due to moisture is a 
serious matter when sampling. 
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It might be indicated, however, that in the last few 
years more and more consideration is being given to 
the acidity content and the color of transformer oils, 
these two factors having been found to be, in a de- 
gree, a measure of the sludging properties of the oil. 
The higher the acidity content and the darker the 
color usually is a positive indication that the oil will 
sludge when the transformer is operating at full load 
and subsequent high oil temperatures. This sludging 
eventually results in the clogging of the vent ducts 
and the coating of the insulation, causing hot spots 
and insulation deterioration. 


In order that the thief and sampling bottles ate. 


absolutely free from contamination (and moisture 
free) one large utility company adopted the follow- 
ing cleaning practice. The dirty bottles are thoroughly 
scrubbed with a soap powder, no preference being 
given to any particular brand, then rinsed with city 
water to remove the suds. The clean bottles are then 
rinsed with distilled water and are hung mouth down- 
wards in an oven. A mesh screen is provided to hold 
the bottles, and while they are drying the cork stop- 
pers are thoroughly cleansed. They are also put into 
the oven. When dry they are dipped in paraffin and 
allowed to saturate. They are then pressed into the 
mouth of the now dry bottles and the protruding 
stopper and lip of the bottles paraffined thus sealing 
them from the atmosphere. They are then set in a 
moderately cool location until needed. 

The same procedure is followed on the thief, even 
to the refinement of waxing the small cork stoppers 
and sealing the entrances after they are in place. 

The above procedure has shown itself to be positive 
assurance against contamination and will be followed 
until a better one is found. 


West New York, N. J. Kermit B. Horrman. 


Use Steam Separators After 
Desuperheaters 


WirTH THE trend toward higher steam pressures and 
temperatures used in industrial power plants, it is 
often necessary to install desuperheaters. Among the 
principal applications of desuperheating equipment is 
the reduetion in temperature of boiler steam after its 
passage through reducing valves. Steam, so reduced in 
pressure and temperature, is generally desirable for 
process or to supplement available low pressure 
exhaust or bled steam from prime movers. 

In many eases, especially when a high pressure top 
is installed on an existing plant or when remodeling 
an old plant, economic considerations may dictate the 
retention of part or all of the original main or 
auxiliary prime moving equipment. These machines, 
unless redesigned for the new steam conditions, must 
generally be supplied with desuperheated or partially 
desuperheated steam. 

When prime movers are supplied with steam from 
a desuperheater, a potential hazard from carryover of 
the water used for desuperheating always exists. Im- 
purities from the evaporated water, if this water 
contains much solid matter, may also cause trouble. 
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These hazards may be minimized if reasonable precau- 
tions are taken. 


Under normal operating conditions the water 
separation devices built into modern desuperheaters 
show very high efficiencies. As a protection, however, 
against abnormal conditions resulting from failure of 
the water control equipment, or sudden increases in 
steam velocity, an efficient steam separator should be 
installed in the line between the desuperheater and 
the prime movers. Failure to provide a separator may 
result in severe damage to the moving equipment from 
erosion, or complete wreckage of the machines. 

Care should be exercised when selecting a water 
supply for the desuperheater. It is the usual practice 
to supply desuperheaters operating at medium pres- 
sures with water from the boiler feed lines. As the 
percentage of raw water makeup in industrial boiler 
feed is usually high, scaling of the desuperheater parts 
or carryover of solids remaining after evaporation is 
often experienced. With water of this character it 
may become necessary to install separate pumping 
equipment to supply condensate or other pure water 
supply to the desuperheater. 


Waynesboro, Va. S. H. ConEman. 


‘Stick ‘Em Up’’ for Safety 


‘‘Stick ’EM upP’’, and the cool headed fellow gen- 
erally does, as a matter of safety, particularly when 
confronted by a nervous holdup man. Industrial ac- 
cident statistics, however, show a surprising number 
of accidents due to workmen accidentally stumbling or 
tripping over crow bars or lining bars left laying on 
the ground. The above photo shows obedience to 





orders to ‘stick ’em up’ when not immediately in use, 
and was taken near construction work by a large 
power company. You can accidentally walk into a 
rigid upright bar and experience nothing but a minor 
bump, but tripping over one unnoticed or in the dark 
only too often starts one to the hospital. 

Missouri Valley, Ia. FRANK BENTLEY. 
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Four 115,000 hp. Boulder Dam hy- 
draulic turbines, 80,000 kw. Port 
Washington steam turbine and 
2,000,000 v. high tension laboratory 
chief attraction to crowd of over 
. 30,000 


Allis-Chalmers Holds First Open House 


N SATURDAY, January 19, the Allis-Chalmers the purpose of the gathering was to enable families and 
Mfg. Co., Milwaukee, Wis., held ‘‘Open House’’ friends to become more familiar with the work and 
and acted as host to over 30,000 interested visitors at surroundings of the employees; to familiarize different 
its West Allis works. In the morning the employees, departments with the organization as a whole; to 
their families and their friends, and, in the afternoon acquaint Milwaukee and the surrounding countryside 
the general public, entered into the holiday spirit of with the diversified products of the company; and to 
the event and took advantage of the occasion to become make it possible for engineers throughout the country 
familiar with the activities of the company which plays to preview an unusual collection of large equipment in 
such an important part in the lives of the inhabitants the course of manufacture. 
of Milwaukee and in the industrial activity of the Representatives of the press were given a short 
nation. summary of the activities and organization of the com- 

From early morning until late in the afternoon, pany by A. K. Birch, assistant to the general repre- 
crowds swarmed over the works; through the pattern sentative in charge of the publicity department. It is 
shops with its wood-making machinery and thousands said that the diversification of equipment is greater 
of wooden and metal patterns; through the foundry than any other company in the world and includes 
with its cupolas, furnaces, moulding machines and facil- machinery for the production of wheat from the soil 
ities for making castings up to 120 t.; through the forge to flour; tractors and farm machinery; crushing, min- 
and machine shops with the large forging hammers and ing and cement machinery; saw mill machinery ; power 
40 t. boring mill; through the erection and assembly machinery of all types including hydraulic and steam 
shops; through the testing shops and laboratory. Each turbines, pumps, blowers, condensers, steam and gas 
unit as it was explained by willing and enthusiastic engines, generators, transformers, electrical switching 
employees and by an excellent system of loud speakers, and control equipment, mercury arc rectifiers, motors, 
playing its part in forming definite opinions regarding gears and transmission sheaves and feedwater treat- 
the codperative spirit and diversified interests of the ment. In addition to the West Allis works the com- 
company. pany now operates six branch planis, Norwood, O.; 

As explained in brief addresses by Otto H. Falk, LaCrosse, Wis.; Springfield, Ill.; Pittsburgh, Pa.; Bos- 
chairman of the board, and Max W. Babb, president, ton, Mass., and La Porte, Ind., the ground area of all 
shops totaling 493 acres. 

For power engineers the highlights of the‘display 
were found in equipment soon to be shipped to the 
Boulder Dam plant of the Bureau of Reclamation, the 
Port Washington Station of the Milwaukee Electric 
Railway & Light Co., and State Line Station of the 
Chicago District Generating Co., although other well 
known names, the Ford Motor Co., Firestone Tire and 
Rubber Co., Colgate-Palmolive-Peet Co., Kosmos Port- 
land Cement Co., Milwaukee Sewage Commission, 
Chicago Water Department, Chicago Sanitary District, 
Springfield Water & Light Department, Great Lakes 
Pipe Line and the Agua Fria Mining Co. were notice- 
able on shop tags attached to equipment in various 
stages of completion. 

At the present time the company is building four 
of the largest hydraulic turbines ever built, 115,000-hp. 
units for Boulder Dam, each turbine designed for a 

‘ees tak oa . : esa normal flow of 2600 c.f.m. of water and to operate 
Fig. 1. e high tension laboratory where discharges from the ynder a maximum head of 592 ft. Due to the large 
aes: ee —— ae eee ee size and heavy weight of these turbines, the spiral 
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casings are made in six sections, ranging from 25 to 
45 t. each. Several of these sections were on display 
in various parts of the shop in different stages of manu- 
facture and test, giving an excellent demonstration of 
shop facilities and the method of construction. The 
main shaft of these machines is 38 in. in diameter and 
26 ft. in length, made in two sections. 

One of the turbines, completely assembled with the 
gates and operating cylinders, as shown by Fig. 2, was 
equipped with stairs and a walkway so that visitors 
could pass over and inspect the mechanism in opera- 
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Fig. 2. 
over the top and through the casing of the first machine allowed 
visitors to closely inspect the gates and gate mechanism in operation 


tion. They were also able to walk in the 10 ft. diam- 
eter intake and through the spiral casing to the relief 
valve opening so as to see the interior construction. 

Much of the smaller electrical equipment for this 
same installation, bus structures, exciters, circuit 
breakers, ete:, was on exhibition in the electrical shops, 
many of the pieces in actual operation. The extent to 
which welding is used in the design and construction 
of modern large machinery was pointed out and dem- 
onstrated very effectively by means of the welded gen- 
erator stator frame for one of the 55,000 hp. Boulder 
Dam units. 

As a contrast to the immense 115,000 hp. turbine, 
a 300 kw. self-contained water wheel, built sectional- 
ized for aeroplane delivery, was shown. The complete 
unit takes up about the same space as one of the gate 
operating cylinders of the large units. The two ma- 
chines, side by side, demonstrated very effectively the 
modern need for versatility in the engineering depart- 
ment and flexibility in the manufacturing plant. 

Equipment for the Port Washington Station was 
also much in evidence in the steam turbine and elec- 
trical departments. The 80,000 kw., 1200 Ib., 825 deg. 
I’. reheat turbine shown by Fig. 3 complete with gen- 
erators and exciters has an over-all length of about 
96 ft. It captured much of the interest of the crowd 
because of the immense size and because the neighbor- 
ing displays showed the various details of construction 
to advantage. The turbine has over 42,000 special 
alloy blades and the tip speed of the low pressure 
blades will be approximately 870 ft. per sec. 
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Four 115,000 hp. turbines for Boulder Dam. Walkways 





Many of the smaller turbines were exhibited, one 
of the most interesting being a 50 yr. old Parsons unit 
with a capacity of about 8 kw., intended to operate 
at 18,000 r.p.m. The evolution of steam and electrical 
machinery over a period of 50 yr. was evident not 
only from the relative size of the two units mentioned 
above but by the interior construction as shown by a 
near-by modern low pressure turbine spindle and by 
the rotor for one of the 125,000 kw. State Line gen- 
erators. As with Boulder Dam, much of the electrical 
equipment, control panels, transformers, ete., for Port 
Washington was on display. 

Smaller equipment, pumps, turbines, motors, blow- 


ers, Texrope drives, feed water treatment, etc., re- 


ceived their full share of attention, but the mercury 
are rectifiers and Rannett pipe line pumps seemed to 
be of special interest to visiting engineers. 

To the general public, however, the high tension 
electrical laboratory with its long sparks and cracking 
discharges appeared to be the center of interest. The 
impulse generator, one of the four largest in the world, 
develops 2,000,000 v. and was installed for the purpose 
of studying lightning effects on transformers and other 
electrical equipment. This generator, shown in Fig. 1, 
consists of capacitors arranged in 20 steps so that 
they may be charged with 100,000 v. d.c. by a rectifier. 


After they have been charged, spark gaps are made 
to flash over and connect the 20 capacitors in series 
to develop the full 2,000,000 v. This discharge takes 
place rapidly, in the neighborhood of one micro second, 
and gives a heavy current. 

It is of course impossible to even mention all the 
equipment shown which varied from the smallest Tex- 
rope sheave weighing a few ounces to large crushers 
which handle boulders as large as a small house. Nor 
is it possible to even list the shops in which the equip- 
ment was displayed. All that can be said is that the 
diversified line of equipment manufactured by the 
company, the shop facilities to handle these products 
and the spirit of friendliness and codperation which 
pervades the organization was displayed to full ad- 
vantage. 





Fig. 3. The 80.000 kw., 1200 Ib., 825 deg. F. reheat turbine for 
Port Washington Station ; 
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New Electric Flow Meter 


Tue Cochrane Corp., Philadel- 
phia, Pa., announce a new electric 
flow meter a complete set-up of 
which, including orifice in pipe line, 
transmitter and recorder, is shown 
by the illustration. This meter 
using the null method is. distin- 
guished by the fact that the power 
for the operation of the pointer, 
pen and integrator is the same 
throughout the entire range of 
measurement. The pressure differ- 
ential caused by flow through the 
orifice or nozzle is not required to 
move the registering mechanism. 
Instead this is done by external 
power from an electric motor, the 
application of this power being 
controlled by a sensitive relay. 

Circuits and galvanometer are 
so proportioned that a displace- 
ment of the transmitter armature 
of less than 0.001 in. causes the 
galvanometer boom to deflect and 
is, therefore, registered by the re- 
corder, corresponding in the usual 
installation to but 0.01 of one per 
cent change in rate of flow at mid- 
seale. 

Accuracy is not influenced by 
variations in electrical resistance 
of conductors, by variations in con- 
tact resistance, by changes in length 
of leads, by inequalities in wind- 
ing, by variations in strength of 
magnetic field, or the distance be- 
tween receiver and transmitter. 
Variations in voltage and fre- 


New Equipment 


quency, as ordinarily encountered 
in commercial practice, are imma- 
terial. The consumption of cur- 
rent is not more than 25 watts. 

As it is not always possible, 
prior to the installation of a flow 
meter, to predict the maximum and 
minimum rates of flow, seven in- 
terchangeable manometer tubes of 
different ranges are provided. The 
seale is uniformly graduated. 

A ealibrating rod is built into 
the transmitter to check the ac- 
curacy. Integration of the flow is 
performed at least once per minute, 
appropriate gear ratios being se- 
lected so that the integrator multi- 
plier will be in integral terms for 
different meter capacities. The fig- 
ures on the counting train read 
directly, just as do those of an au- 
tomobile mileage recorder. 


Elliott Marine Type De- 
aerating Heater 


THe Exuuiorr Co., Jeannette, 
Pa., has developed a special type 
deaerating heater for use in marine 
service, to remove dissolved gases 
from the feedwater so as to pre- 
vent corrosion in boilers, feedlines 
and steam lines, and to heat the 
feedwater exactly up to the satur- 
ated steam temperature. The two 
heaters shown are for installation 
on two large oil tankers, each heat- 
er having a capacity of 54,000 lb. 
per hr., being rigidly secured to 
the ship’s structure. The deaerat- 
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ing element is of special design and 
construction to allow intimate con- 
tact of water and steam and uni- 
form distribution of water, regard- 
less of the roll and pitch of the 
ship. 

Design is flexible so that the 
heaters can be fitted into the space 
available for installation on ship- 
board. Because of the headroom 
available on the oil tankers, the 
two heaters illustrated were built 





along conventional lines with vent 
condenser on top and storage tank 
vertical. Heater heads are of non- 
storage type, made of cast iron in 
these heaters to give maximum re- 
sistance to corrosion, as this was 
considered more important than 
the extra weight over steel plate; 
but standard material for the shell 
and end heads is copper bearing 
steel or Armco ingot iron, as pre- 
ferred, for the primary reason of 
minimum weight. Storage tanks 
are always of copper bearing steel 
or Armco ingot iron; vent con- 
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densers of steel plate or cast iron. 

Water storage tanks may be 
vertical or horizontal to meet spe- 
cific requirements for installation, 
and capacity of storage tank can 
be provided to meet the require- 
ments of each application. 

The design and construction of 
the equipment meets all require- 
ments of the latest A.S.M.E. Code 
of Class 2, Unfired Welded Pres- 
sure Vessels, as well as the require- 
ments of the American Bureau of 
Shipping and the U. S. Shipping 
Board. 


Move 10,000 Bbl. Tank 


THE uNusuAL feat of raising a 
100-t., 10,000 bbl. tank vertically 
14 ft. from the ground level to an 
elevated railroad right of way and 
moving the unit intact 500 yd. has 
recently been accomplished in Chi- 
eago. The three year old cone-roof, 
bolted and welded tank (52 ft., 6 





in. by 27 ft., 3 in.) was sold by 
the Hughes Oil Co. to the Seneca 
Petroleum Co. It contains eight 
compartments, one circular and 
seven radials, each equipped with 
steam coils.which were left intact. 
Usual procedure is to cut a large 
tank apart to move it, but in this 
instance, because of the solid con- 
struction, this was not deemed 
necessary. The tank was built by 
the Graver Tank & Mfg. Corp. 


Light-Sensitive Paper 
Indicates Lighting 
Intensity 


THE WEsTINGHOUSE Lamp Com- 
pany has recently developed a 
simple device for determining 
lighting intensities. It is known as 
the Westinghouse Light-O-Graph 
and consists of a piece of extreme- 
ly sensitive photographic paper 
enclosed in a light-proof envelope. 
The envelope is colored to a very 
definfte shade and has ten round 
apertures through which the sen- 
sitive paper is exposed to the light. 
. The sensitive paper, before ex- 
posed, is of a light yellow color. 
As it is exposed to light it turns 
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darker. In 214 min., under the 
proper lighting intensity, the sen- 
sitive paper will turn a shade as 
dark, or darker, than the color 
printed on the protecting envelope. 
If, however, in 214 min. the sen- 
sitive paper is lighter than the 
protecting envelope, then the light- 
ing is not of sufficient intensity. 
With this new lighting indicator, 
anyone can determine in 214 min. 
the condition of the lighting. The 
Light-O-Graphs may be used alone 
but are being distributed in con- 
juncton with a light analyzer 





which affords the lighting user a 
further check on his illumination 
performance. 

In the light analyzer, a pin is 
stuck vertically in the center of a 
circular disc. When placed on the 
desk, book, or counter, the pin 
throws a shadow, and diseloses 
whether or not the light is coming 
from the proper direction. Shad- 
owed areas on the disc tell the 
user which direction of light is 
correct. 

If the light comes from the 
right, the light throws a_disturb- 
ing shadow on the writing paper. 
From the front, the light is prob- 
ably glaring into the eyes. Either 
situation is incorrect and harmful 
to the eyes. Coming from the left, 
the light properly illuminates the 
desk top or reading page. 


NEw TYPE of construction of 
suction hose, known as. Delmar, 
which has a woven tubular re- 
enforcement of cabled cotton cords 
and wire, giving a strong but light 
hose which will not collapse, has 
recently been developed by the 
Electric Hose and Rubber Co., Wil- 
mington, Delaware. The smooth 
lining is of compounded rubber for 
long life and minimum frictional 
resistance to flow. If accidentally 
crushed, it can be quickly restored 





to shape by use of a vise or mallet; 
it can be connected to standard 
couplings on the job, not requiring 
soft ends on the hose. 


Streamlined Cash Reduc- 
ing Valve 


PRESSURE REDUCING valves in 
various trims, for all fluids, an- 
nounced by A. W. Cash Co., De- 
eatur, Ill., have streamlined fea- 
tures. Following airplane design, 
the valve proper has a blunt nose 
and a trailing edge, so that no 
matter how high the velocity, the 
trailing edge pulls no vacuum to 
retard flow, the purpose of this 
scientifically streamlined contour 
being to insure maximum capacity. 
The conventional dividing wall is 





dispensed with; from inlet to out- 
let, the fluid flows through this 
valve without turbulence or hind- 
rance to maximum flow. 

A jet extends into the outlet 
chamber. When demand increases, 
an accelerated flow through this 
jet produces an aspirating effect 
that lowers the pressure in the 
control chamber (below _ dia- 
phragm) and thus opens the valve 
wide to meet peak demand. When 
the diaphragm moves in a closing 
direction, the valve proper must 
close because it is tied to the dia- 
phragm by means of the cam lever. 
As it closes against the pressure of 
the inflowing fluid, this valve does 
not chatter. 


Improved Arce Welding 
Set 


A LINE OF IMPROVED, portable, 
single-operator, arc-welding sets 
which retain the proved character- 
istics of previous models and incor- 
porate recently developed refine- 
ments, is now offered by the Gen- 
eral Electric Company. Self-stabili- 
zation is the outstanding feature of 
the new are welders—an advantage 
which provides excellent perfor- 
mance throughout the entire weld- 
ing range, using any type of elec- 
trodes, bare, lightly fluxed, or heav- 
ily coated. 


POWER PLANT ENGINEERING 











The improved welders belong to 
what is designated as the WD-30 
line. Each welder is a self-con- 
tained unit, having no external re- 
actor, resistor, or separate exciter. 
It is largely due to the self-excited 
design of these machines that the 
inclusion of sufficient self-stabiliza- 
tion to provide steady welding 
characteristics under all conditions 
is possible. This self-stabilization 
makes the welding are both ‘‘pep- 
py’’ and stable at all times. 

Separate controls are provided 
for adjustment of welding current 
and welding voltage. These con- 
trols are located on a dead-front 
panel on top of the machine and 
at the most convenient height 
above the floor. On this panel are 
also located a switch handle for re- 
versing polarity and an instrument 
with selector switch for indicating 
welding current and welding volt- 
age. All controls are clearly la- 
belled to facilitate rapid and ac- 
eurate adjustment. 

Commutation is said to be ex- 
cellent at all current values, and 
operating efficiency is high because 
of the lack of power-consuming 
accessories such as external reac- 
tors, resistors, and separate ex- 
citers. 

All working parts of the ma- 
chine are thoroughly protected 
against damage from water or 
other foreign materials by com- 
pletely drip-proof construction. 

The entire welding set is low- 
hung on a three-wheeled truck 
which provides unusual portability 
and mechanical stability, without 
sacrificing road clearance. The set 
may safely be tipped as much as 
22 deg. from the vertical. 


Five Speed Controller 
for Cranes and Hoists 


For THE PURPOSE of giving 
greater flexibility in the handling 
of loads of widely different weights, 
The Shepard Niles Crane and Hoist 
Corporation has recently developed 
a Selective 5-speed push button 
controller for cranes and hoists. 

The 5 speeds are controlled 
from one button. The operator,-in- 
creasing the pressure of his thumb, 
feels the change as each of the 5 
independent speeds is obtained 
when the button is pressed or re- 
leased. The first is a ‘‘creeping”’ 
speed. Each of the succeeding 4 
speeds gives a gradual increase of 
torque. By releasing the button 
gradually the motor is slowed down 
through the same graduated speeds 
to a stop. 
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‘All 5 speeds are usually ob- 
tainable for lowering, regardless of 
the load. In hoisting, however, the 
percentage of rated load being 
lifted determines the number of 
speeds available. Thus, full loads 
will not move upward until the 
push button is pressed to the 3rd 
or 4th point. 

It may happen that one speed 
point will give slightly insufficient 
torque to keep a load in motion 
and the next point will give a 
torque too high for very slow 
speed. In such eases, it is entirely 
practical to ‘‘jog’’ the push button 
between the two contacts. Jogging 
of this kind with the Shepard Se- 
lective Speed Controller involves 
no heavy arcing or mechanical 





strains, and makes it possible to 
handle loads with practically any 
degree of care desirable. 

Other features claimed for this 
controller include: — compactness 
and adaptability of mounting, sim- 
ilarity of construction and control 
features for both A.C. and D.C. 
They are built in 2 sizes—Class 1 
and Class A rated at 3 hp. and 714 
hp., respectively. 


N ew Reinforced Sheave 


UNDER THE NAME of Duro-Brace 
Texsteel Sheave, the Texrope Divi- 
sion of the Allis-Chalmers Mfg. Co., 


oer y 
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is introducing a new reinforced 
steel sheave. 

The outside walls of sheaves 
sometimes bend under the strain of 


excessive overloads, with the result 
that they are thrown off true. The 
outside walls of the new Duro- 
Brace sheaves are reinforced by a 
convex steel plate, which strength- 
ens these vulnerable areas to so 
great a degree as practically to 
eliminate the possibility of distor- 
tion, irrespective of the strains to 
which they are subjected. 

Welding at the rim and web, for 
additional strength, and the in- 
terior grid-type construction, for 
rigidity, which were advantageous 
features of the former design are 
retained in the new Duro-Brace 
Texsteel Sheave. 


New Close-Coupled Cen- 
trifugal Pump 


A compact, close-coupled cen- 
trifugal pump of high efficiency 
with capacities ranging from 100 
to 600 g.p.m. against heads up to 
189 ft. was recently added to the 
line of pumps manufactured by the 
Chicago Pump Co.,. Chicago, Ill. 
This new pump is designed for 
circulating and cooling systems, 
standpipe and water supply sys- 
tems and for transferring and han- 
dling all reasonably clear indus- 
trial liquids. 

It is.a single-edge, end-suction 
pump. ‘The pump and motor are 

















built together as one unit with a 
single shaft. The enclosed type im- 
peller is keyed to the motor shaft, 
which extends into the pump cas- 
ing. There is only the one moving 
part. 

The shaft is of one piece, large 
diameter, heat-treated steel with a 
bronze sleeve where it passes 
through the stuffing box. The im- 
peller is of bronze, cast in one 
piece. Bronze wearing rings seal 
the impeller hubs against leakage. 
This pump is furnished either with 
or without a water seal. 

There are two feet under the 
pump and four under the motor. 
The two feet under the pump sup- 
port the weight of the pipes, there- 
by relieving the motor shaft and 
motor frame of any excessive stress 
or strain. This pump is also fur- 
nished mounted on a cast iron base, 
if desired. 
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Industrial Boiler Meter 


BamEy Meter Co., Cleveland, 
Ohio, has developed a new steam 
flow-air flow boiler meter particu- 
larly well suited to industrial 
service. 





This meter, illustrated here, re- 
cords steam flow from the boiler, 
air flow supplied for combustion 
and flue gas temperature—all on 
one 12-in. diameter uniformly grad- 
uated chart. It also indicates steam 
flow on a porcelain enameled scale 
and integrates the total steam flow 
on a 6-digit counter which reads 
like an automobile mileage regis- 
ter. 


Stoker Manufacturers 
Ass’n Elects Officers 


J. R. WHITEHEAD, manager, 
stoker and research divisions, Fair- 
banks, Morse & Co., Chicago, was 
elected president of the Stoker 
Manufacturers Association at the 
annual meeting held in Cleveland, 
Ohio, on December 10. He suc- 
ceeds W. H. Rea, president, De- 
troit Stoker Co., Detroit, who has 
served since the last annual meet- 
ing held in June, 1933. R. B. Me- 
Clave, president, McClave-Brooks 
Co., Seranton, Pa., was elected 
vice-president, succeeding Mr. 
Whitehead. Harry H. Kurtz, Iron 
Fireman Manufacturing Co., Chi- 
cago, was re-elected treasurer and 
Mare G. Bluth, Chicago, was re- 
elected secretary. 

Important problems facing: the 
industry were thoroughly  dis- 
cussed in an all-day session and at 
the annual dinner in the evening 
the members listened to an inter- 
esting talk on ‘‘Fair Trade Prac- 
tices’? by W. C. Connolly, a prom- 
inent boiler manufacturer and a 
pioneer in the development of ethi- 
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cal trade practices in that industry. 
Other remarks were made by T. A. 
Marsh, Iron Fireman Manufac- 
turing Co., and by the new and 
retiring presidents. 

H. H. Kurtz was continued as 
the official representative of the 
Association on the Committee of 
Ten and the organization unan- 
imously voted to contribute a 
substantial sum to help support 
the Committee’s activities during 
1935. 


Midwest Engineering 
and Power Exposition 


PLANS ARE being formulated for 
the 7th Midwest Engineering and 
Power Exposition to be held in 
Chicago during the week of Sept. 
16, 1935. This exposition will cov- 
er the important fields of power 
generation, distribution and _ utili- 
zation and embrace the following 
classifications: Power generation 
—prime movers; electrical equip- 
ment — generators and motors; 
boiler room accessories and refrac- 
tories; fuel burning; hydraulics, 
water softening, etc.; regulation 
and instruments; ventilating, cool- 
ing and heating; building and op- 
eration accessories; miscellaneous. 
Headquarters are at 1 North La 
Salle St., Chicago, Ill. 


P. G. & E. Offers 50 per 
Cent Discount on 
Electricity 


Evecrricity is 50 per cent off in 
northern and central California. 
The Pacific Gas & Electric Com- 
pany offers this bargain to more 
than 450,000 homemakers and busi- 
ness men. 

For one year beginning imme- 
diately after December meter read- 
ings there will be a 50 per cent 
discount on the amount by which 
the bills of residential and com- 
mercial lighting customers in any 
month exceed their bills for the 
corresponding month of the pre- 
ceding year. For example, a con- 
sumer who used $3 worth of cur- 
rent last January may use $5 
worth next January yet pay only 
$4 for it. In other words, he will 
get $2 worth of electricity for $1. 

The idea is one of many worked 
out by the company to cooperate 
with the Federal Government’s 
Better Housing Program. Under 
the low-cost loan plan set up by the 
National Housing Act, homeown- 
ers now can buy many additional 
electric appliances; under the 





Pacific Gas & Electric Company 
new special rate, they can operate 
such appliances for half the usual 
cost. 

“‘This special rate’’, says Mr. 
P. M. Downing, vice-president and 
general manager of the Pacific 
Gas & Electric Company’s, ‘‘is 
possible because there is a large 
surplus of power in northern 
California. We wish to give our 
residential and commercial con- 
sumers the benefits of this surplus 
—to enable them, at exceptionally 
low cost, to enjoy many more elec- 
trical conveniences and comforts. 

‘“We expect the bargain to help 
business conditions. It should, for 
instance, result in greatly increased 
sales of electric appliances and 
fixtures. 

‘“What’s more, we hope thatthe 
offer will so stimulate increased 
use of current as ultimately to 
justify a reduction in the regular 
rate. For, as everyone knows, the 
price of electricity is largely deter- 
mined by the extent to which it is 
used.’’ 


Milo S. Ketchum 


On December 19, 1934, Milo S. 
Ketchum, Dean Emeritus of the 
College of Engineering of the Uni- 
versity of Illinois, died at his home 
in Urbana. Dean Ketchum was 
born in 1872 at Burns, Ill. and re- 
ceived his bachelor degree in engi- 
neering at the University of Illi- 
nois in 1895. During his career he 
was contracting engineer for the 
American Bridge Co., dean of the 
University of Colorado College of 
Engineering, Administrative Direc- 
tor in the Government Powder 
Plant at Nitro, W. Va., and Pro- 
fessor of Civil Engineering at the 
University of Pennsylvania. He re- 
turned to the University of Illinois 
in 1922 as dean of the College of 
Engineering and director of the 
Engineering Experiment Station. 
He retired last year. 


Wayne Rawley 


WayNnE RAwWLEY, vice-president 
and director of the Blaw-Knox Co., 
died Nov. 16 at Miami Beach, Fla., 
at the age of 56. Before his asso- 
ciation with the Blaw-Knox Co., 
Mr. Rawley was with the Carnegie 
Steel Co., the Cambria Steel Co. 
and the Pencoyd Iron Works in an 
engineering capacity and from 1902 
to 1913 with the Riter-Conley Mfg. 
Co. as manager of its Wood Run 
Plant. In 1912 he was elected vice- 
president of the Blaw-Knox Co. 
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LeonarpD W. Horr, former Chicago 
Manager of the Henry Vogt Machine 
Co., Louisville, Kentucky, has become as- 
sociated with the cooling equipment divi- 
sion of the Binks Manufacturing Co., 
Chicago. 

JoHN WintHRop HAMMonp, for the 
last 14 years a publicity writer for the 
- General Electric Company, and a well 
known figure in electrical circles for his 
studies and writings of the pioneers of 
the industry, particularly of the late 
Charles P. Steinmetz, died at his home 
in Schenectady, N. Y., on December 27, 
following a brief illness) Mr. Hammond 
was born in Lynn, Mass., in 1887 and 
received his early education in Mount 
Vernon, N. Y. Except for personnel 
service during the World War, his life 
has been spent in the writing field, first 
in newspaper work and then for the 
General Electric Company, to which he 
came in 1920. Mr. Hammond was a pro- 
found student of electrical history, par- 
ticularly of the inventions and advances 
made in and by the United States. Al- 
though his writings have portrayed the 
history of the industry itself and of many 
of its principal figures, such as Thomas 
Alva Edison, Charles A. Coffin, Edwin 
W. Rice, Jr., and Professor Elihu Thom- 
son, Mr. Hammond was especially noted 
as the biographer of Dr. Charles P. 
Steinmetz. Mr. Hammond’s “Charles 
Proteus Steinmetz—A Biography,” pub- 
lished in 1924, and “A Magician of Sci- 
ence—The Boy’s Life of Steinmetz,” ap- 
pearing in 1926, attest his unusual interest 
in the man who has been one of the 


News From the Field 


greatest figures in the development of 
electrical science. 


Texas TECHNOLOGICAL CoLLEcE, Lub- 
bock, Tex., will hold its first annual weld- 
ing conference on electric and oxy-acety- 
lene welding on February 14 and 15. In 
connection with the Conference, manu- 
facturers are invited to display and dem- 
onstrate their equipment. The Conference 
will consist of lectures, accompanied by 
motion pictures and demonstrations on 
various phases of welding, and engineers 
interested in the subject are invited to 
sessions of the Conference which will be 
free of charge. Inquiries should be ad- 
dressed to Professor H. F. Godeke, 
Texas Technological College, Lubbock, 
Texas. 


ARMSTRONG Propucts formerly sold by 
the Armstrong Cork Co. and the Arm- 
strong Cork & Insulation Co. will be dis- 
tributed by a subsidiary company to be 
known as “Armstrong Cork Products 
Co.,” according to: an announcement is- 
sued at the executive offices of the com- 
pany in Lancaster, Penna. The change in 
the name of the sales organization does 
not in any way alter Armstrong’s distri- 
bution policies or personnel and all cor- 
porate functions other than marketing 
will be continued under the name, Arm- 
strong Cork Co. the announcement 
stated. 


Tue Ernest E. Lee Co., with offices 
at 53 West Jackson Boulevard, Chicago, 
has recently been appointed by the Coppus 
Engineering Corp., Worcester, to handle 
the Coppus Air Filters for air compres- 


sors, internal combustion engines, indus- 
trial and ventilating applications. 


THE APPOINTMENT of E. R. Jefferson of 
332 South Warren Street, Syracuse, New 
York, as agent for all Babcock & Wilcox 
refractories provides representation for 
these products in the central and central- 
western sections of New York State. 


Howarp Cooney, president of the 
Walworth Co., was reelected president of 
the American Standards Association for 
1935. -Mr. Coonley, who represents the 
American Society of Mechanical Engi- 
neers, has served two terms as president. 
Frederick E. Moskovics, representing the 
Society of Automotive Engineers, was re- 
elected vice-president. 


BEAVER Pire Toots, INc., is the new 
corporate name to which The Borden Co. 
has been changed after 34 yr. in business. 
The new name identifies the company with 
the products it manufactures, which is a 
convenience to customers, and being dis- 
tinctive will prevent confusion of names 
that have caused inconvenience in the past. 


Directors oF BLAw-KNnox Co. recently 
elected Robert F. McCloskey director and 
vice-president in charge of operations of 
the plants located at Blawnox, Pa., to. re- 
place Wayne Rawley, deceased. Mr. Mc- 
Closkey was previously general superin- 
tendent of the company’s Blawnox. shops. 
He has been associated with the company 
since 1920, starting as manager of a plant 
then located at Wheatland, Pa. In 1922 he 
was made production manager of shops at 
Blawnox, and in 1931 became general su- 
perintendent. 


For the Engineer’s Library 


ELectricAL Power MéETERING. By 
Archer E. Knowlton, First Edition, size 
6 by 9 in. Cloth, 340 pages, illustrated. 
Published by McGraw-Hill. Book Co., 
Inc., New York, 1934. Price $4.00. 

The importance of the electric power 
meter is not generally appreciated until 
one stops to think. of such meters in 
terms of the value of the power they 
measure. In this country alone the electric 
watthour meters last year measured over 
two billion dollars worth of electrical en- 
ergy. Now, as the author of this book 
points out, superficially the technique of 
metering seems to be a simple routinized 
process, as prosaic as using yardsticks, 
quart measures or grocer’s scales but actu- 
ally, there is a wealth of underlying tech- 
nology comparable in scope with that 
fundamental to generators, motors and 
electric circuit practice. A watthour meter 
is essentially a motor with highly refined 
characteristics; an instrument transformer 
is merely one of low kilowatt-ampere rat- 
ing but designed to have better regulation 
than transformers in general. 

It is because of the importance of 
metering and the complex theory under- 
lying the design and operation of electric 
ower meters, that this book by Mr. 

owlton should be of value to all who 
are in any way connected with metering 
practice. This book presents a treatment 
of the basic principles of energy and 
power metering, coupled with practical 
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methods for kilowatt-hour reactive de- 
mand, telemetering, and totalizing applica- 
tions. The terminology of the meter engi- 
neer is used, and clarifying discussions are 
given of obscure phenomena in instrument 
transformers, induction meters, unbal- 
anced systems, incorrect connections, non- 
concordant demand measurements, poly- 
phase systems, etc. 


The author, who is now associate edi- 
tor of the “Electrical World,” was for- 
merly Associate Professor of Electrical 
Engineering at Yale University and Elec- 
trical Engineer of the Public Utilities 
Commission of Connecticut. 


PHoToELEcTRIC CELLS. By N. R. Camp- 
bell and D. Ritchie. Published by Pitman 
Publishing Corp. 2 W. 45th St. New 
York City. Size 5% by 8% in. Cloth, 
214 pp. Price $3.75. 


Every day the field of application of 
the photoelectric cell is widening at an 
almost unbelievable rate. This growth 
has been accompanied by an equal amount 
of popular nonsense about the marvels of 
the electric eye which the authors: feel 
has been a detriment rather than an ad- 
vantage. Most applications fall in the 
group of simple detection where the 
function of the cell is to work a relay. 
The range of detection, sensitivity and 
means of application are now well under- 
stood and they feel that if in the design 
and advertisement of such applications 


less attention were paid to the: photoelec- 
tric part and more to the remainder the 
ordinary engineer would soon regard the 
photoelectric cell as one of the normal 
tools of the trade. 

The work is technical but simply 
presented and intended for those who 
desire to understand rather than merely 
follow the accepted practice. It is a 
practical handbook for the laboratory 
rather than for the practicing engineer. 
One cannot turn to the index and find 
a complete wiring diagram for “Job 2408” 
although he can get a comprehensive or 
concise discussion of the advantages, dis- 
advantages and limitations of the various 
types of cells available. 

Starting with the general theory of 
photoelectricity the emission, rectifier, and 
conductivity cells are treated in detail 
and with specific reference to their. prac- 
tical characteristics, sensitivity and time 
lag. The second part of the book deals 
with the use of the cells for detection, 
comparison and measurement, and the 
third part with application, discussing in 
particular, photometry and colorimetry. 

BrITAINS ExPERIENCE with Unemploy- 
ment Insurance is told in a 40-p. book'et 
published by the National Industrial Con- 
ference Board, Inc., of New York City. 
The study starts with the act of 1911 and 
covers to the act of 1934. Summarized, 
the lessons from British experience are 
given by the Board as follows: 
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(1) Unemployment insurance is not a 
remedy for depressional unemployment. 


(2) Seasonal and casual unemploy- 
ment tends to become permanent as a re- 
sult of statutory unemployment relief. 


(3) Chronic unemployment, due to 
permanent loss of trade, must be dealt 
with by other measures than unemploy- 
ment insurance. 


(4) Without an efficient and honest 
administrative force, unemployment in- 
surance has no chance of success. 


(5) Any scheme of unemployment in- 
surance must be accompanied by a plan 
of unemployment relief for the workers 
who lose their right to insurance benefits 
or who cannot qualify for the receipt of 
benefit and for workers in uninsured oc- 
cupations. 


(6) If unemployment insurance is not 
supplemented by a scheme of relief, the 
temptation to extend statutory benefits to 
persons who are not qualified under the 
law is irresistible, making it impossible to 
avoid political raids on the unemploy- 
ment fund until the state of national 
finances becomes so critical as to threaten 
thé solvency of the nation. 


(7). If unemployment insurance is uni- 
formly applied to all types of unemploy- 
ment, it impairs the elasticity of the eco- 
nomic system. 


(8) If unemployment insurance is not 
based on an accurate knowledge of the 
facts of unemployment, it will be abused 
both by workers and by employers. 


The Board’s report points out that in 
the United States reliable information 
concerning the extent and nature of un- 
employment is almost fotally lacking, and 
it suggests that before any compulsory 
scheme of unemployment relief is adopted 
it would be desirable to establish, under 
government auspices, a fact-finding body, 
composed of representatives of labor, in- 
dustry, state and local governments, and 
the general public, to make a thorough 
survey of the facts of unemployment, its 
nature and extent, to hold hearings and to 
make recommendations for action by in- 
dustry and by the legislatures. The results 
of such a survey should be of inestimable 
value in acquainting public opinion and 
the public representatives with the prob- 
lems that arise in connection with an at- 
tempt to provide security against unem- 
ployment. 


The price of the pamphlet is 50c. 


TENTATIVE STANDARDS OF THE A.S.T.M. 
1934. Published by the American Society 
for Testing Materials, 260 South Broad 
St., Philadelphia. Size 6 by 9 in., 1207 
pages. Price $7 paper covered; $8 cloth 
bound. 


This publication is issued each year 
and includes the tentative or proposed 
standards and revisions of earlier tenta- 
tive standards of the society. This edi- 
tion contains 236 tentative standards, 48 
of which are included for the first time 
with some 60 revised this year and 
printed in their latest approved form to 
elicit criticisms before final adoption. 


SPECIFICATIONS AND TESTS FOR COAL 
AND CoKE. For the first time, a compila- 
tion of all the standard and tentative spec- 
ifications and tests for coal and coke, as 
issued by the American Society for Test- 
ing Materials has been published, in- 
cluding 5 specifications, thirteen methods 
of test and the standard definitions of 
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terms relating to coal and coke. Foundry 
coke and gas and coking coals are covered 
by specifications—and to make the pam- 
phlet complete the recently approved re- 
quirements for classification of coal by 
rank and by grade developed by the Sec- 
tional Committee on Classification of 
Coals are included. 

One of the important activities of 
A. S. T. M. Committee D-5 on Coal and 
Coke which is sponsor for the publica- 
tion is the development of satisfactory 
sampling procedures. In this compilation 
are given the methods of laboratory 
sampling and analysis of coal and coke, 
and procedure for sampling coal; also 
sampling coke for analysis. The standard 
tests for the cubic foot weight of coke 
and of crushed bituminous coal are in- 
cluded, as well as the methods of sieve 
analysis of these products, and tests for 
the fineness of powdered coal. The shat- 
ter and tumbler tests for coke are de- 
tailed; also the method of determining 
volume of cell space of lump coke and 
testing for size of anthracite. An impor- 
tant test for the agglutinating value of 
coal, issued in the form of a proposed 
draft is given. 

Copies of this publication aggregating 
108 pages in heavy paper cover can be 
obtained from A. S. T. M., 260 South 
Broad Street, Philadelphia, at $1 each. 
On orders for ten or more copies special 
prices are in effect. 


ONE oF THE Most active projects of 
the A. S. T. M. Committee A-1 on Steel, 
is the development of standards covering 
materials for high temperature service. 
Tentative specifications for alloy steel 
castings and seamless alloy pipes for serv- 
ices from 750 to 1100 deg. F. have just 
been issued. Requirements for alloy-steel 
bolting, nuts and forgings are nearing 
completion. A proposed standard for 
carbon-steel nuts for steam service up to 
850 deg. F. will be completed shortly. 


A Section on High Temperature data 
proposes to compile creep data for avail- 
able materials covering a range of tem- 
peratures from 750 to 1100 deg. F. which 
would fix their load carrying ability with 
reference to various rates of creep rang- 
ing from one per cent in 10,000 hr. to 
one per cent in 100,000 hr., the rate of 
creep being taken as that obtained over 
the period extending from the 700 hr. to 
the 1000 hr. of duration of the test. 


Two TENTATIVE SPECIFICATIONS of in- 
terest to the power plant field have re- 
cently been issued by the American Soci- 
ety for Testing Materials, 260 South 
Broad St., Philadelphia. One of these, 
designated as A 157—34 T, includes eight 
classes of materials for alloy-steel cast- 
ings for valves, flanges and fittings, and 
the other, A 158—34 T, covers 12 alloys 
for seamless steel pipe. 


Repusiic STEEL Corp. Massillon, O., is 
distributing a rotogravure tabloid contain- 
ing 12 pages of illustrations of exhibits 
at the 1934 A Century of Progréss Expo- 
sition in which Republic products were 
used and displayed. ‘ 


INTERPRETATION of a Water Analysis is 
the title of a pamphlet recently issued by 
W. H. and L. D. Betz of Philadelphia, 
Pa., which contains a series of articles 
reprinted from issues of the Betz Indi- 
cator which have appeared in the past 
and they give a wealth of information 
of service to men in charge of water 
purification problems. 





Brown InstruMENT Co., Philadelphia, 
Pa., is making distribution of its catalog 
2003 on Brown Flow Meters, containing 
56-p. of details and data on performance 
with illustrations of installations. 


D. W. Haerinc & Co., Inc., Chicago, 
Illinois, announces the publication, at bi- 
monthly intervals, of “H-O-H News” a 
house organ devoted to the presentation 
of news and personnel items in the scale 
and corrosion control and proportioning 
fields. Copies will be mailed to all those 
interested who write the company stating 
their business connnection. 


WESTFALIA SEPARATOR Co., Bloomfield, 
N. J., has issued a series of five new cata- 
logs covering its complete line of separa- 
tors for both the dairy and industrial 
fields. Cream, yeast, starch, oil, soybean 
oil, and varnish separators are described 
and illustrated. 


LEAFLET 2182, descriptive of the new 
Seal-Clad Induction Motor, with protected 
windings, has been issued by Allis-Chal- 
mers Manufacturing Co., Milwaukee. This 
is descriptive of Seal-Clad Motors built in 
ratings up to 25 hp., 1800 r.p.m., furnished 
with either ball or sleeve bearings. 


FLo-Rator to indicate the rate of flow 
of any liquid having a variable viscosity is 
announced by Sterling Engine Co., Buffalo, 
N. Y., in a 6-p. pamphlet which gives 
method of application and prices. It was 
developed to aid economy in fuel oil com- 
bustion but is applicable to any heavy 
liquid such as varnish, paint, molasses and 
the like. 


DrartroL Gaces for indicating and 
controlling draft, pressure or flow of 
gas or air are described in bulletin No. 
2018 issued by The Hays Corp., Michi- 
gan City, Ind. These gages combine an 
indicating draft gage‘of the pointer type 
with a draft controller, and can be fur- 
nished with or without the indicating 
pointer or with one-or two non-tilting 
mercury switches for either high or low 
voltage electric contact. 


LinK-BELt Co.’s calender for 1935 is in 
attractive 12-p. form with current, past 
and coming months on each page. Head- 
ings illustrate the various products of the 
company and their uses for conveying, 
starting and power transmission. 


Detaits oF Crass 3-AT air cushioned 
valve compressors with Timken roller 
bearings are covered in Bulletin No. 157 
of the Pennsylvania Pump & Compressor 
Co., Easton, Pa. These are straight line 
machines built in cylinder sizes of from 
4 by 4 in. to 26 by 13 in. with piston dis- 
yplacements of from 34 to 1987 c.f.m. 


Tue New Yorx BELTING and Pack- 
ing Company has just issued a new 
Mechanical Rubber Goods catalog, which 
provides practical information about hose, 
belting, packing, and miscellaneous me- 
chanical rubber products. Illustrations 
and information are given about each 
product so that it can be applied to the 
best possible advantage. Diagramatic 
drawings show a clear outline of various 
applications. There are tables giving belt 
speeds, steam pressures and temperatures, 
carrying capacities, and dimensions. Nu- 
merous formulas on everyday problems 
are presented with practical examples of 
their usage. 
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“WHAT ABOUT YOUR Roors?” is the 
title of a new brochure just published by 
Johns-Manville. From a standpoint of 
protection to industrial and business build- 
ings, the roof is the most vital part of 
the structure, and the new J-M booklet 
deals extensively with the important prob- 
lems of construction and maintenance. 
Among the subjects discussed are included 
the importance of the “stitch-in-time” on 
roof repairs; the physical properties and 
characteristics of various types of built- 
up roofing materials; and the great im- 
portance of expert application and inspec- 
tion during any roof construction job. 

Considerable space also is devoted to a 
discussion of roof insulation and its ef- 
fect in reducing fuel costs, in improving 
working or living conditions on upper 
floors, and in providing protection to both 
roof deck and roofing felts. 


QUICK REFERENCE CHART has been de- 
veloped which provides an easy and 
extremely simple method of designing ex- 
pansion loops, using Tube-Turns and 
straight lengths of pipe or tubing, which 
enables the engineer, without going into 
involved calculations, to lay out quickly 
efficient, dependable loops that will meet 
almost any space requirement. Results 
given by the chart include an ample safe- 
ty factor so that maximum fibre stress 
in loops will not exceed 16,000 lb. per 
square inch. Copies of this chart may 
be secured by writing Tube-Turns, Inc., 
Louisville, Kentucky. 


TuHeE Farrsanxs Co., New York City, 
has just issued a new folder describing 
and illustrating its line of renewable gate 
valves. Included are list prices and di- 
mensions. 


THE Fourru bulletin describing the 
Boulder Dam is now ready for distribu- 
tion. As work progresses on the Boulder 
Dam, Ingersoll-Rand Company—manu- 
facturers and suppliers of much of the 
air-compressing and rock-drilling equip- 
ment—has issued booklets covering the 
progress of the vast undertaking. 

The present booklet (Volume 4) ‘con- 
tains descriptions of the cofferdams; the 
aerial cableways; and the tunnels for the 
penstock headers, the penstocks, and the 
canyon wall outlets. It also tells of the 
method of pouring the concrete, and how 
the concrete is cooled while being poured. 

Free copies of Volume 4 are available 
upun requést at the company’s main of- 
fice, 11 Broadway, New York, or at any 
branch office, 


Master WEIGHT TaBLes for round 
steel tubing is the title of a booklet 
printed on standard letter size heavy. pa- 
per, punched for stand4rd three ring 
binders, issued by Timken Steel & Tube 
Co., Canton, O 

Weights. per lineal foot of length are 
given for all sizes of hot drawn tubing 
of an outside diameter from 1/16 up to 
1034 in. and a wall thickness varying 
from 36 B.W.G. up to 1% in., weights 
being given to four digits and outside 
diameters and wall thicknesses to three 
decimal places. 


Bower PLANT EQUIPMENT, covering 
coal and ash-handling systems is interest- 
ingly treated in a handsome 40-p. bulletin 
of the C. A. Bartlett & Snow Co., Cleve- 
land, Ohio. The first few pages give a 
brief description of the development of 
Bartlett-Snow Centralized coal and ash- 
handling system. The advantages it of- 
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fers are explained briefly, with tables to 
assist in determining the sizes and capa- 
ctties of equipment required for various 
rated horsepower of plants. Typical plant 
layouts are suggested and diagrammed, 
with full and complete details as to track 
hoppers, weigh-type skip bucket loading 
gates, skip hoist buckets, skip hoist run- 
ways and head frames, Hoist engines 
and hourly capacities of skip buckets for 
various lengths of hauls are discussed. 
Advantages of cylindrical and suspens.on 
type coal bunkers are described, with a 
table in which are shown popular sizes of 
bunkers that can be furnished quickly 
from shop drawings. Weigh larries, in- 
cluding both hand-propelled and motor- 
driven types, are shown, also ash bunkers 
and facilities for ground storage of coal. 

Blue print diagrams of layouts with 
dimensions and tables of sizes and capa- 
cities of equipment, together with views 
of arrangements and application make the 
book interesting and valuable for refer- 
ence on its subject. 


Exuiorr Co., Pittsburgh, Pa., has is- 
sued a new descriptive bulletin on its type 
AY and BY mechanical drive turbines, 
improved types which were introduced a 
couple of years ago. The bulletin is illus- 
trated with photographic views and sec- 
tions through the turbine, overspeed gov- 
ernor, steam chest and speed governor. 


Tue Mertam Co. Cleveland, Ohio, 
is issuing a series of informative post 
cards on the subject of gas engines. The 
first of the series deals with vaive settings 
for natural gas operation. Subsequent 
mailing will cover lubrication problems, 
Meriam rebuilt gas and oil engines, etc. 


THE Mertam Co., Cleveland, Ohio, 
and Socony-Vacuum Oil Co., have jointly 
prepared a pamphlet containing operating 
instructions, oil and lubrication data, etc., 
for users of Meriam rebuilt gas engines. 
This information is designed to assist all 
gas engine users, 


SPECIFICATION for Chrome-Manganese- 
Silicon Alloy Steel Boiler Plate has just 
been issued by Lukens Steel Co., Coates- 
ville, Pa., covering the material Lukens 
Cromansil Steel. Copies can be had on 
request, 


ProposED AMERICAN STANDARDS for 
pressure and vacuum Gages have been 
completed by Subcommittee No. 3 of the 
A.S.M.E. and is now being distributed 
for criticism and comment. Copies may 
be obtained from and communications 
should be addressed to C. B. LePage, As- 
sistant Secretary, A.S.M.E., 29 West 39th 
St., New York City. 


Hypropress Pumps, built by the 
Byron Jackson Pump Co., Berkeley, 
Calif., are described in a new bulletin No. 
357. These are high-pressure, small di- 
ameter multistage centrifugal pumps, with 
capacities of from 10 to 200 gal. per min. 
for pressures up to 2,800 Ib. per sq. in. 


REFRIGERATING MAcHINEry Ort for 
all types of machines and for all services 
is announced by the Frick Co., Waynes- 
boro, Pa., in bulletin No. 140-A. Bulletin 
No. 154-B by the same company de- 
scribes modern milk cooling cabinets and 
refrigerating units. 


Exuiotr Co., Pittsburgh, Pa., recently 
published a 32 p. bulletin, B-3, on Elliott 
engines and engine generator units. This 
bulletin describes and indicates the field 
for the single valve, four-valve, Corliss 
valve unaflow and poppet valve unaflow 
engines as built by the company. 





Two Stace VoLtuTe Pumps, designated 
as type U, are described in bulletin 
W-317-B2 issued by the Worthington 
Pump and Machinery Corp., Harrison, 
New Jersey. 


An Operatinc Manuat for plating 
with duozinc is the title of a recent 20 
p. bulletin by the R. & H. Chemicals De- 
partment of the E. I. Du Pont De Ne- 
mours & Co., Inc., Wilmington, Del. 
Duozinc is a plating alloy of zinc with a 
small amount of mercury for use with 
cyanide solutions and used for protecting 
steel surfaces against atmospheric corro- 
sion. 


CALENDAR OF the Cooper-Bessemer 
Co., Mt. Vernon, Ohio, appears in attrac- 
tive and convenient form, with current, 
preceding and following months on each 
sheet, the headpieces being views of vari- 
ous types of Cooper-Bessemer engines. 


Lincotn Etectric Co. Cleveland, 
Ohio, sends a circular descriptive of its 
Shield-Arc welders of motor-generator 
type to run from two or three-phase 
standard current and deliver low-voltage, 
high-frequency current giving a more ef- 
fective arc. Sizes, weights and dimen- 
sions are given. 


CENTRIFUGAL Pumps of the single 
stage volute, types L, LA and LC are 
covered by two bulletins W-312-B2A and 
B4 issued by the Worthington Pump and 
Machinery Corp., Harrison, N. J. 


HARBISON-WALKER REFRACTORIES. Co., 
Pittsburgh, Pa., has issued a folder en- 
titled Insulate With Safety at Any Tem- 
perature, emphasizing the importance of 
the selection of the proper. refractory as 
well as the proper insulating material for 
any insulated furnace construction and 
describing both insulating brick and light 
weight brick and their applications. The 
information covers diatomaceous earth 
brick for safe working temperature of 
2000 deg. F., weighing approximately 1.75 
Ib. each; light weight brick of flint fire 
clay, approximately 2.8 lb. each, to with- 
stand temperatures up to 2500 deg. F.; 
light weight silica brick, approximately 
2.8 Ib. each, for temperatures up to 2900 
deg. F. The light weight brick are used 
as an insulating backing where the inter- 
face temperature between the refractory 
furnace lining and the insulation exceeds 
the safe working temperature of the usual 
type of insulating brick. They are also 
used as the refractory lining in furnaces 
where they will not be subjected to abra- 
sion or to corrosive action of slags. 


INTERNATIONAL SALT Co., Inc., Scran- 
ton, Pa., is distributing a highly useful 
15-page booklet for the keeping of. water 
softener records. The headings include 
date and time, meter readings, water 
softened (gal.), etc. 


Pyro IMMERSION PyYROMETERS for 
foundry use are described and illustrated 
in a new catalog issued by The Pyrom- 
eter Instrument Co., New York City. 


Tue Puuip Carey Co., Cincinnati, O., 
in a folder recently issued, lists its types 
of pipe covering, cements and packing, 
including data useful in calculating 
amounts needed for given areas. 


INGERSOLL-RAND Co., New York City, 
in a bulletin recently issued, describes its 
new Pott Impact Wrench. This tool, 
working on a principle new to pneumatic 
tools, is capable of tightening nuts to any 
desired degree or of removing “frozen” 
nuts, each operation being performed by 
a separate wrench. 
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Ark., Pine Bluff—Arkansas Power & 
Light Co., Pine Bluff, plans extensive 
rural electrification program, including 
construction of transmission and dis- 
tribution lines, with power substations 
and switching stations in group of 55 
counties in state, totaling over 3000 
miles of lines. Project will be carried 
out over period of months and is esti- 
mated to cost in excess of $5,000,000. 
Company engineering department will 
be in charge. 

Calif., Fallbrook—Fallbrook Irriga- 
tion District plans electric power plant, 
using Diesel engine-generating units, in 
connection with extensions in irrigation 
system, using water from San Luis Rey 
River. Plant will be used for power sup- 
ply for electric-operated pumping sta- 
tions to be built, and other operating 
service. A transmission line will be con- 
structed. Financing in amount of $1,- 
100,000 is being arranged for project. 
Willis S. Jones, Claremont, Calif., is 
consulting engineer. 

Calif., Fresno—Sante Fe Railroad 
Co., 560 South Main Street, Los An- 
geles, -Calif., has approved plans for 
extensions and improvements in ice- 
manufacturing and precooling plant at 
Church and Railroad Avenues, Fresno. 
New refrigerating equipment will be in- 
stalled. Entire project will cost about 
$225,000. Company engineering depart- 
ment is in charge. 

Calif., Los Angeles—Wehle Brewing 
Co., West Haven, Conn., plans installa- 
tion of power equipment in proposed 
new plant at Los Angeles, where site is 
being acquired. A boiler house will be 
built. Plant will be equipped for initial 
capacity of 150,000 barrels per annum, 
and will cost close to $100,000. 

Ga., Atlanta—Sewell Hat Mfg. Co., 
care of Robert A. Sewell, 1732 Ponce De 
Leon Avenue, Atlanta, recently organ- 
ized, plans installation of electric power 
equipment in new one-story plant, 60x 
200 ft., in Red Oak district. A boiler 
house will be built. Entire project will 
cost close to $45,000. 

Ill., Chicago—Mills Novelty Co., 4110 
West Fullerton Avenue, manufacturer of 
coin-operating machines, etc., plans in- 
stallation of electric power equipment 
in new four-story plant, 62x200 ft., at 
4036-54 Fullerton Avenue, for which 
building permit has been issued. Cost 
about $100,000. W. H. Farnum, 510 
North Dearborn Street, Chicago, is ar- 
chitect. 

Ind., Anderson—Greer Steel Co., 
Dover, Ohio, plans installation of elec- 
tric power equipment in new cold rolled 
steel strip mill at Anderson, where large 
tract of land has been acquired. A 
power house is proposed. Work is sched- 
uled to begin in the spring. Cost about 
$400,000. Company engineering depart- 
ment is in charge. 

Ind., Elwood—Continental Can Co., 
1 Pershing Square, New York, N. Y., 
plans installation of electric power 
equipment in new multi-story plant at 
Elwood, where site is being secured. A 
boiler house will be built. Entire project 
is estimated to cost close to $450,000. 

Kan., Burlington—City Council has 
secured permission from Court to pro- 
ceed with proposed municipal electric 
light and power plant, and plans will be 
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completed at early date. Project will 
include an electrical distribution system. 
Fund of $145,000 has been arranged. 
E. T. Archer & Co., New England 


‘Building, Kansas City, Mo., are consult- 


ing engineers. 

Ky., Louisville—Bonnie Brothers, 127 
West Main Street, have approved plans 
for new one-story boiler house, 57x65 
ft., at distillery on Thirty-fifth Street. 
Other additions will be built to distilling 
plant, with installation of power equip- 
ment for operating service. Entire proj- 
ect will cost close to $100,000. Thomas 
J. Nolan, Kentucky Home Life Build- 
ing, is architect. 

Md., Cumberland— Board of City 
Commissioners is making application to 
State Legislature for permission to ar- 
range a bond issue of $1,500,000 for a 
new municipal electric light and power 
— Plans will be arranged at early 

ate. 

Md., Havre De Grace—Harford Pure 
Rye Distillers, Inc., Garrett Building, 
Baltimore, Md., plans installation of 
electric power equipment for distillery 
at Harve de Grace, where certain pres- 
ent buildings will be remodeled and new 
units erected. Cost over $85,000. Work 
begins soon. 

Mich., Eaton Rapids—Horner Broth- 
ers Woolen Mills have authorized ex- 
tensions and improvements in power 
house for mill service, including instal- 
lation of additional equipment. Work 
will be carried out in connection with 
expansion program at mills, and will 
cost over $25,000. 

Mich., Grand Rapids—Modern Brew- 
ing Co., plans installation of power 
equipment in new multi-story brewing 
plant. Cost about $100,000. Proposed 
to begin work at early date. George 
Fuchs is company architect. 

Minn., New Ulm—Electric Light and 
Water Works Department, City Hall, 
plans installation of new ash-handling 
equipment at municipal electric light 
and power plant, and soon takes bids. 
Carl W. Franks, City Hall, city engi- 
neer, in charge. 

Mo., St. Louis— Laclede Power & 
Light Co., 1017 Olive Street, will make 
additions in power plant at Mound and 


Wharf Streets, including extensions in’ 


electric generating and steam power de- 
partments. Work on latter will be placed 
under way first, to include installation 
of three new 1350 hp. boiler units and 
auxiliary equipment. Closely following, 
new addition will be built to generating 
station, with installation of two 15,000 
kw. turbo-generators and accessories. 
Entire program will be carried out dur- 
ing 1935 and will cost over $1,500,000. 
Management & Engineering Corpora- 
tion, 327 South La Salle Street, Chicago, 
is consulting engineer. 

as Bis bine — Borough Council 
plans new municipal electric light and 
power plant. Details and estimates of 
cost will soon be determined, and financ- 
ing arranged. Nathaniel Rosenfeld, may- 
or, is active in project. 

N. Y., New York—Treasury Depart- 
ment, Washington, D. C., plans centra! 
steam-operated electric generating plant 
at New York, for electric light and pow- 
er service for group of 12 Federal build- 
ings from Battery to Forty-second 


Street. Application has been made to 
PWA for appropriation of $3,780,000 for 
project, including transmission and dis- 
tribution lines. Public Works Division, 
Treasury Department, will be in charge. 

N. C., Charlotte—Hudson Silk Ho- 
siery Co., plans installation of electric 
power equipment in new knitting mill 
in Oakhurst district, where large tract 
of land has been secured. A one-story 
boiler house will be built. Entire project 
will cost over $200,000. M. E. Pierson, 
president, is in charge. 

Ohio, Troy—Gummed Products Co., 
Troy, manufacturer of gummed paper 
goods, plans new one-story boiler house 
at plant, in connection with expansion 
and improvement program at factory. 
Electric power ‘equipment will be in- 
stalled for géneral plant service. Entire 
program will cost close to $200,000. John 
H. Deekin, Times-Star Building, Cincin- 
nati, Ohio, is architect. 

Okla., Altus—J. A. McCurley, Ada, 
Okla., plans new one-story ice-manufac- 
turing plant at North Lee and West 
Cypress Streets, Altus, estimated to 
cost close to $25,000, with equipment. 

S. C., Creston—Broad River Power 
Co., Columbia, S. C., has authorized ex- 
tensions in transmission lines. fron: 
Cameron to Creston, with power sub- 
station facilities for distribution in latter 
district. Cost about $25,000. Company 
engineering department in charge. 

Tenn., Chattanooga — Tennessee 
Electric Power Co., plans appropriation 
of about $1,300,000, for extensions and 
improvements in power plants and sys- 
tem during 1935, including transmission 
and distribution lines, power substations 
and other structures. New equipment 
will be installed in different plant units. 
Company engineering department is in 
charge. 

Texas, Fort Sam Houston — Con- 
structing Quartermaster, United States 
Army, plans steam power plant for cen- 
tral heating and operating service in new 
six-story hospital. Proposed to ask bids 
at early date. An appropriation of $1,- 
933,000 has been arranged for structure 
and utilities. 

Texas, Fort Worth — City Council 
plans new municipal electric light and 
power plant, and proposes to arrange 
for Federal aid in amount of $2,228,000 
for project. Details of station will be 
arranged in near future. 

Va., Richmond — Virginia Fruit 
Brandy Distilling Corporation, 721-29 
Central National Bank Building, plans 
installation of electric power equipment 
in new plant in North Garden district. 
A boiler house will be built. Distillery 
will consist of several units and will 
cost over $85,000. P. Lester Hawks, 
Dixie Building, Greensboro, N. C., is 
engineer. 

Wash., Walla Walla—Libby, McNeil 
& Libby, 3500 S. E. Thirty-second 
Street, Portland, Ore., food packers and 
canners, plans boiler plant in connection 
with new canning factory at Walla 
Walla, where site. is being selected. New 
cannery will consist of several units; 
electric power equipment will be in- 
stalled for operation. Entire project will 
cost in excess of $150,000. Company 
headquarters are at Union Stock Yards, 
Chicago, Il. 
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